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Summary 
Cockatoo Sands is a term used to include red to yellowish red sands, sandy earths 
and loamy earths that have formed from quartz sandstone colluviums, in relatively 
isolated patches, throughout the East Kimberley. 
Cockatoo Sands are recognised as potentially suitable for irrigated agriculture 
because they are generally well drained and not subject to waterlogging and 
inundation. These characteristics allow them to be cultivated and prepared for 
planting of various crops during the wet and dry seasons of northern Australia. 
Expanding agricultural production onto Cockatoo Sands around Kununurra will 
increase opportunities for agriculture by increasing the overall scale of agriculture, 
and allow year-round agricultural enterprise and new crops and market opportunities. 
DAFWA has assessed the soil characteristics and agriculturally suitable areas of 
Cockatoo Sands in the Victoria Highway (2300ha) and Carlton Hill (6510ha) areas, 
near Kununurra (Smolinski et al. 2015). In accordance with ANZECC and ARMCANZ 
(2000) protocols, this report details the baseline surface water characteristics of run-
off from two surface water catchments and one small groundwater-fed stream in the 
catchments that contain these soils. The baseline and other characteristics of the 
groundwater systems are described in Bennett et al. (in prep). 
The creek systems are highly dynamic and rapidly respond to prevailing rainfall 
conditions. Even though current land use in the catchment is predominantly low 
intensity cattle grazing, the baseline analysis indicates that the creek systems are 
most appropriately classified as ‘moderately disturbed’ rather than being ‘high 
conservation/ecological value’ systems, as might be expected given the current land 
use. This conclusion results from many of the baseline physicochemical parameter 
levels exceeding the corresponding expected levels for high conservation/ecological 
value systems (as recommended by ANZECC and ARMCANZ (2000)). In particular, 
the revised classification is based on the high nutrient concentrations in discharge 
and the high concentrations of some heavy metals. 
Based on their inherent physical attributes and their relatively small size, 
agriculturally suitable Cockatoo Sands areas probably contribute only a small 
proportion of the run-off in their catchments and so have a small physicochemical 
‘footprint’ in terms of the surface water quality parameters reported. If they are 
developed for irrigated agriculture, their relative contribution will likely increase, 
although not to the same extent as for the flood-irrigated developments in the area. 
Suitable Cockatoo Sands areas comprise a small proportion (0.01–0.11%) of the 
catchments that contribute run-off to the important receiving aquatic environments of 
the lower Ord and Keep rivers. 
In accordance with the baseline results from this assessment, should environmental 
compliance monitoring be required in future, it is appropriate that local trigger values 
are derived from these baseline results, together with those reported by Bennett and 
George (2014) for the Border Creek Catchment. 
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1 Introduction 
Cockatoo Sands is a term used to include red to yellowish red sands, sandy earths 
and loamy earths that have formed from quartz sandstone colluviums, in relatively 
isolated patches, throughout the East Kimberley. 
Cockatoo Sands are recognised as potentially suitable for irrigated agriculture 
because they are generally well drained and not subject to waterlogging and 
inundation. These characteristics allow them to be easily cultivated and prepared for 
planting of various crops during the early and late stages of the northern Australian 
wet season. Their characteristics differ to those of the currently farmed ‘black soils’ 
prevalent in the Ord River Irrigation Area (ORIA) near Kununurra. Black soils are 
imperfectly drained, often seasonally affected by waterlogging and inundation and 
have poor trafficability when wet — properties that severely restrict agricultural 
activities in the wet season. 
Expanding the area of agricultural production onto suitable Cockatoo Sands around 
Kununurra increases opportunities for agriculture in the region. It will provide 
opportunities to increase the scale of agriculture in the area as well as allow year-
round agricultural enterprise — because they can make use of seasonal variations in 
rainfall — and the introduction of new crops and market opportunities. 
The Regional Economic Development Water Opportunities (REDWO) project, funded 
by Royalties for Regions, aims to promote agribusiness through developing land and 
water resources in the Kimberley. With funding from this project, DAFWA undertook 
the following tasks: 
• assess and report on suitability for agriculture of two main areas of Cockatoo 
Sands and associated soils near Kununurra 
• with support from the Department of Water, assess and report on baseline 
characteristics of the main surface water catchments that contain suitable soils 
within the two main areas of Cockatoo Sands 
• assess and report on baseline and other characteristics, as they relate to risks and 
opportunities, of the groundwater systems overlain by the two main areas of 
Cockatoo Sands. 
Smolinski et al. (2015) report on the first of the above tasks. They describe 2300ha of 
Cockatoo Sands in the Victoria Highway area and 4110ha in the Carlton Hill area 
(Figure 1.1) as having the best potential for irrigated agriculture development. In the 
Carlton Hill area, including about 2400ha of lower capability soils that are 
interspersed within the highly suitable soils makes the total area that could be 
developed about 6510ha. Including this lower capability land, even though it will 
require additional management of some of the agricultural limitations identified by 
Smolinski et al. (2015), makes a more cohesive and manageable area of land for 
development and is included in the area shown in Figure 1.1. 
The second and third of the aforementioned three tasks were undertaken in response 
to experience gained during agricultural development of a similar-sized area of land 
near Kununurra. In 2011, the Federal Minister for the Environment (Australian 
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Government 2011) placed stringent environmental conditions on the developers of 
the 7400ha Goomig Farmlands, 30km north-west of Kununurra. The water-related 
components of the conditions were imposed because of the presence of the 
freshwater sawfish (Pristis microdon) — a species listed in the Matters of National 
Environmental Significance under the Environment Protection and Biodiversity 
Conservation Act 1999 — in the Keep River. 
Part of the suite of conditions applied to the Goomig Farmlands related to collecting 
and reporting of physicochemical baseline conditions in the Keep River and Border 
Creek (a tributary of the Keep River) over a 2–3 year period, in accordance with 
ANZECC and ARMCANZ (2000) guidelines. The baseline conditions were then used 
to propose water quality compliance triggers for the Keep River (Bennett & George 
2014), mandated as one of the methods for ongoing testing of the environmental 
compliance of the Goomig Farmlands. 
In anticipation of similar requirements and to reduce potential delays to agricultural 
development on the Cockatoo Sands areas, collecting baseline water quality data 
was considered an important task of the REDWO project. This report describes the 
results of the second project task: reporting of the baseline characteristics of surface 
water in streams that drain the main catchments containing Cockatoo Sands. 
 
Figure 1.1 Study area locality map
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2 Physical setting 
2.1 Location, land use, physiography and drainage 
The Victoria Highway and Carlton Hill areas of Cockatoo Sands are located about 
15km south-east and 25km north, respectively, of the Kununurra townsite (Figure 
1.1). The Carlton Hill area is 5km north-west of existing ORIA farmland. Both areas 
are close enough to the Ord River, the existing ORIA water supply source and supply 
infrastructure, to enable irrigation with water delivered by pipelines from this supply. 
Current and historic land use on the two areas, and within the catchments in which 
they lie, is largely limited to rangeland cattle grazing. The Gulgagulganeng 
community — comprising only seven dwellings — is adjacent to, and downstream of, 
the Victoria Highway area and is within the Emu Creek monitored subcatchment 
(Figure 1.1). 
2.1.1 Victoria Highway area 
Smolinski et al. (2015) describes the physiography of the Victoria Highway area as a 
pediment consisting of very gently inclined rises and footslopes that are dissected by 
the Victoria Highway. Its southern border is situated along sandstone hills adjacent to 
Matheson Ridge, a main drainage divide. Most of the area occurs between 80 and 
120mAHD (Australian Height Datum) (Figure 2.1). 
About two-thirds (1541ha) of the area is contained within the 57 565ha catchment of 
Eight Mile Creek, a northward draining tributary of the 351 000ha Keep River 
Catchment (Figure 2.1 and Table 2.1). Almost all of the remainder (759ha) is in the 
Emu Creek Catchment, a 9116ha catchment that drains to the south-west into the 
Ord River. In this area, the Ord River has been flooded by Lake Kununurra, which 
has a mean water surface elevation of about 40mAHD. The proportion of Cockatoo 
Sands within the variously scaled surface water catchments in the Victoria Highway 
area are listed in Table 2.1. 
The catchments are substantially ephemeral. However, a small (about 100m2), 
permanent, shallow pool called Emu Springs is located in a short (about 50m long), 
more deeply incised section of Emu Creek (Figure 2.1). This spring is indicative of 
the shallow groundwater in the lower parts of the catchment (Bennett et al. in prep.). 
Smolinski et al. (2015) and Bennett et al. (in prep.) propose that poor drainage and 
the resultant evaporative concentration of salts from the shallow groundwater is 
responsible for several areas of mostly bare, saline soil in the catchment (Figure 2.1). 
More-extensive saline flats, containing shrub/heath and halophytic vegetation, occur 
adjacent to the bare areas. A short, deepened section of Emu Creek, formed during 
construction of a culvert under the Victoria Highway, forms a second small (about 
80m2) permanent pool. 
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Figure 2.1 Geographic, physiographic and drainage features of the Victoria Highway 
area of Cockatoo Sands 
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There are areas of permanently shallow watertable along Eight Mile Creek (Bennett 
et al. in prep). There are also some areas of seepage, probably associated with large 
faults, such as the Carr Boyd and Cockatoo faults, plus other geological structures in 
the upper part of the Eight Mile Creek Catchment (Figure 2.1). 
An abandoned gravel and sandstone quarry is located near to where Victoria 
Highway crosses the catchment divide between Emu Creek and Eight Mile Creek 
Catchments. 
A feature of the Cockatoo Sands area is that none of the defined creeklines appear 
to start within it or pass through it (Figure 2.1). Each of the creeklines appear to start 
in either low-lying areas, areas not containing Cockatoo Sands or areas of sandstone 
outcrop. The two small creeklines that partially transect Cockatoo Sands areas in the 
south-west have their headwaters in the steep sandstone outcrops of Matheson 
Ridge and then become indistinct in the sands. 
Mory and Beere (1988, p. 155) also noted that sandplains “often show a poorly 
developed internal drainage system”. We assume their use of the term ‘poorly 
developed’ refers to the absence of defined surface drainage lines. However, it may 
also refer to the persistent shallow watertables and associated waterlogging that 
often occurs in sand areas located in generally flatter, lower lying areas. In these 
areas, the poorly developed internal drainage system is more likely to be associated 
with a combination of the low gradient and low permeability properties of the shallow 
aquifer. The Pago, Cullen and Elliot soil types, which can adjoin the areas of 
Cockatoo Sands in the Victoria Highway and Carlton Hill areas (Smolinski et al. 
2015) and are common in lower parts of the catchments, are likely to contain the 
latter situation. 
2.1.2 Carlton Hill area 
Smolinski et al. (2015) describes the physiography of the Carlton Hill area of 
Cockatoo Sands as gently inclined pediments that generally grade from 120mAHD in 
the west to 40mAHD in the east. The Pretlove Hills and the Skewthorpe Ridge form 
the western extent of the area. There is a small section in the west subcatchment that 
grades southward towards the Ord River (Figure 2.2). 
Most of the area (5950ha) lies within the 5 million hectare Ord River Catchment. 
About 5540ha is within the local D2 Catchment (Table 2.1 and Figure 2.2). This 
13 300ha catchment also contains an area of irrigated black soils as part of the 
ORIA. The D2 Catchment outflows into the Ord River via the D2 drain, which joins 
the D4 drain which collects drainage from another 13 000ha catchment that contains 
about 5300ha of irrigated black soils and some small areas (less than 100ha in total) 
of Cockatoo Sands. 
An area of 562ha of Cockatoo Sands in the north of the area is contained within the 
100 700ha Border Creek Catchment, which joins the Keep River Catchment close to 
where the Keep River becomes tidally influenced. 
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Figure 2.2 Geographic, physiographic and drainage features of the Carlton Hill area 
of Cockatoo Sands 
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Ningbing Road spring is a small, permanently flowing spring adjacent to Ningbing 
Road (Figure 2.2). In the dry season, the flow rate is only sufficient to maintain 
overflow for a few hundred metres downstream, where presumably the flow infiltrates 
the creek floor and/or evaporates. Further along, this creekline becomes indistinct. 
There are no other locations where groundwater permanently outcrops. 
There is a working limestone quarry on the eastern side of the Jeremiah Hills. 
As in the Victoria Highway area, there are no defined creeklines that start within, or 
completely traverse, the areas of Cockatoo Sands (Figure 2.2). In the Carlton Hill 
area, except for the Ningbing Road spring creekline, all of the creeklines originate 
from the steep areas of sandstone outcrop. One of the two large, deeply incised 
creek systems flowing east from the Pretlove Hills becomes indistinct over the 
Cockatoo Sands and appears to not flow across them entirely. The other creek is 
incised to sandstone basement, thus bisecting the Cockatoo Sands area, then 
abruptly finishes when it nears the limestone geology associated with the Jeremiah 
Hills outcrop. 
Table 2.1 lists the proportions of the Carlton Hill and Victoria Highway areas of 
Cockatoo Sands contained within the variously scaled surface water catchments. 
Table 2.1 Catchments containing the Victoria Highway and Carlton Hill areas of 
Cockatoo Sands and their proportions 
Site and catchment  
Catchment 
size (ha) 
Area of 
Cockatoo 
Sands (ha) 
Area of 
Cockatoo 
Sands (%) 
Victoria Highway area (2300ha total)    
Emu Creek  9 116 759 8 
Emu Creek monitored subcatchment 5 550 706 13 
Ord River 5 000 000 759 0.01 
Eight Mile Creek 57 565 1541 2.7 
Eight Mile Creek monitored subcatchment 12 976 862 7 
Keep River (at Border Creek) 351 000 1541 0.4 
Carlton Hill area (6510ha total)    
Ningbing Road spring monitored* 778 524 67 
West subcatchment 1 022 331 32 
D2  13 300 5537 42 
D2/D4 combined 26 300 5537 21 
Ord River 5 000 000 5948 0.1 
Border Creek  100 700 562 0.5 
Keep River (includes Border Creek) 451 700 562 0.001 
* Groundwater catchment is assumed to align with the topographic catchment. 
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2.2 Geology 
2.2.1 Origin of Cockatoo Sands 
The geology of the Victoria Highway and Carlton Hill areas are described and 
mapped at a scale of 1:250 000 by Plumb and Veevers (1971). Appendix A contains 
reproductions of the Plumb and Veevers (1971) mapping over the areas shown in 
Figure 2.1 and Figure 2.2. At this scale of mapping, both of the areas are contained 
within the unit identified as Quaternary ‘sand, soil cover, alluvium, travertine’. Plumb 
and Veevers (1971) describe the sand component as occurring on sandstone plateau 
and in valleys close to sandstone ranges, with a widespread blanket of sand also 
covering much of the lowland areas. 
Mory and Beere (1988) also describe the geology. They suggest sandplains in the 
area are mainly Cainozoic residual deposits resulting from the breakdown of the 
underlying sandstone parent material. They also report the presence of localised 
aeolian sand deposits adjacent to sandstone outcrop hills. They suggest this 
occurrence indicates that transportation by wind was a significant past process that 
moved sand away from the sites of its parent material. Similar to the Plumb and 
Veevers (1971) mapping, the mapping by Mory and Beere (1988) indicates that the 
study areas occupy a much more widespread, undifferentiated, Quaternary sandplain 
unit. Neither mapping reference distinguishes between the aeolian and in situ derived 
deposits. However, it is likely that the study areas contain both types. 
Mapping by Mory and Beere (1988) indicates that the Carlton Hill and Victoria 
Highway areas of Cockatoo Sands are likely to be derived from the underlying 
Palaeozoic sediments of the Bonaparte Basin. 
2.2.2 Basement geology 
The mapped outcrops from Plumb and Veevers (1971) was extrapolated to 
determine the likely hard-rock geology beneath the Cockatoo Sands areas (Appendix 
A). It appears likely that most of the Victoria Highway area is underlain by the quartz 
sandstones of the Upper Devonian, Cecil and Kelly’s Knob Members of the Cockatoo 
Formation. Most of the Emu Creek and Eight Mile Creek monitored subcatchments 
are therefore likely to be similarly underlain. However, the eastern flank of the Eight 
Mile Creek Catchment also contains limestone of the Burt Range Formation (Lower 
Carboniferous), while the headwater area (to the south) contains significant areas of 
alluvium, Pincombe Formation (Adelaidean) and Ragged Range Conglomerate 
(Upper Devonian) sandstones, plus Lower Cambrian basalt. 
Smolinski et al. (2015) also report that isolated outcrops of silicified sandstone 
containing chert (possibly the Upper Devonian, Hargreaves Formation) occur within 
the eastern half of the survey area. 
Similarly, it is likely that much of the Carlton Hill area is underlain by the quartz 
sandstones (with minor limestone) of the Cockatoo Formation, although the Plumb 
and Veevers (1977) mapping does not distinguish individual members within this unit. 
In this area, large Devonian, Ningbing Limestone outcrops occur adjacent to the 
areas of Cockatoo Sands in the north and east (Appendix A). The Ningbing Road 
8 
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spring is located among limestone outcrop. Also, Smolinski et al. (2015) and Bennett 
et al. (in prep) report encountering limestone basement in drill holes between the 
Ningbing Road spring and the Ningbing Limestone outcrop. It is therefore probable 
that limestone basement also underlies much of the mid-eastern area of the 
Cockatoo Sands. 
The presence of Middle and Upper Cambrian quartz and silty sandstone (Clark and 
Hart Spring Sandstone) outcropping within and adjacent to the mid-western part of 
the Carlton Hill area suggests that these sandstones form a substantial component of 
the basement rock in this area. 
Assuming the groundwater catchment for the Ningbing Road spring occupies a 
similar area to the surface catchment, Cockatoo Formation and Ningbing Limestone 
basement rocks are likely to be present. 
Numerous faults also dissect the Carlton Hill area (Appendix A). 
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3 Methods 
3.1 Sample site selection and sampling schedule 
The catchment of the Emu Creek sample site contains about one-third of the area of 
agriculturally suitable Cockatoo Sands in the Victoria Highway area (Figure 2.1). The 
site also has two other important practical considerations: 
• it has all-weather access via the Victoria Highway — an important consideration 
during the wet season when unformed roads often become impassable to vehicles 
• the culvert that conveys Emu Creek under the highway is a suitable structure in 
which to measure flow rates (Figure 3.1). 
In anticipation of an environmental regulatory requirement for baseline surface water 
data, opportunistic sampling at the Emu Creek site (location: Figure 2.1 and Table 
3.1) started in late 2010 (Table 3.2). Chemical analysis undertaken comprised field 
and general chemistry analysis suites, as specified in Table 3.3 and Table 3.4. 
Table 3.1 Coordinates of the sample site locations 
Sample site 
Easting 
(GDA94, Zone 52) 
Northing 
(GDA94 Zone 52) 
Emu Creek 477212 8251410 
Eight Mile Creek 488314 8251356 
Ningbing Road spring 470196 8283617 
Sampling effort intensified in early 2012 at the start of the REDWO project. A 
datalogger was installed to record stage height, a monthly sampling schedule was 
initiated and the metal and chemical toxicant suites of analytes was included (Table 
3.5). A second datalogger to record stage height and flow rate was installed in 
December 2012. 
Although Emu Creek is an ephemerally flowing creek, there is permanent water in a 
deep, small pool that was likely formed when the culvert was constructed. The water 
in this pool is likely to come from persistent groundwater discharge into it from the 
shallow watertable in the area. During the dry seasons, when there was no active 
creek flow, the water in the pool was sampled and analysed. However, the results 
from these samples were separated during the statistical analysis of the flowing 
water’s baseline water quality results. 
Monthly sampling also started at the Eight Mile Creek site in 2012 (Figure 3.2). This 
site was included as an additional, regular baseline water quality site because most 
of the remaining portion of the agriculturally suitable Cockatoo Sands in the area lies 
within its catchment (Figure 2.1 and Table 2.1). Reasonable access to this sample 
site is afforded by a semi-formed station track, enabling monthly access on all but 
one occasion. Eight Mile Creek is also an ephemeral system and during the dry 
season the sample site is dry once run-off from its catchment ceases. 
10 
Cockatoo Sands: surface water quality 
Baseline sampling of wet season streamflow from the Carlton Hill area of Cockatoo 
Sands was not undertaken for two reasons. First, most of the area does not contain 
creek systems that appear to flow as a result of run-off from substantial areas of 
Cockatoo Sands (Chapter 2.1). Second, the area is extremely difficult to access in 
the wet season, particularly along Ningbing Road. 
However, in the Carlton Hill area opportunistic dry season sampling of water 
discharging from a small, permanent groundwater spring was carried out during 
2012–14. Water from the small flow — estimated flow rate of 0.1–1L/s on sampling 
occasions — was sampled from a small pool, just upslope of Ningbing Road, that 
discharges into a small creek. The location of the Ningbing Road spring sample site 
(Figure 3.3) is shown in Figure 2.2, with coordinates listed in Table 3.1. 
The physicochemical sampling regime represents a range of catchment scales on 
which to determine the baseline conditions of catchments containing Cockatoo 
Sands (Table 2.1). The Emu Creek monitored subcatchment (5550ha, 13% Cockatoo 
Sands) and Eight Mile Creek monitored subcatchment (12 976ha, 7% Cockatoo 
Sands) represent two scales for the Victoria Highway area, and the Ningbing Road 
spring (778ha inferred groundwater catchment, 67% Cockatoo Sands) represents 
groundwater discharge, likely fed by a groundwater catchment containing a high 
proportion of Cockatoo Sands. Part of the Carlton Hill area of Cockatoo Sands 
(562ha) comprises 0.5% of the Border Creek Catchment. Bennett and George (2014) 
report the water quality baseline conditions of Border Creek. 
Sampling, sample analysis and flow measurement at all three sites was completed in 
July 2014. 
 
Figure 3.1 The Emu Creek gauging and sampling site viewed from the downstream 
culvert pool during a period of no flow 
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Figure 3.2 The Eight Mile Creek sampling site at low flow 
 
Figure 3.3 The Ningbing Road spring sampling site under typical dry season 
conditions 
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Table 3.2 Schedule of measurements and analysis suites undertaken at Emu Creek, 
Eight Mile Creek and the Ningbing Road spring 
Date Emu Creek Eight Mile Creek Ningbing Road spring 
Nov-10 F, G ND ND 
Jan-11 F, G ND ND 
Feb-11 F, G ND ND 
Feb-11 F, G ND ND 
Feb-11 F, G ND ND 
May-11 F, G ND ND 
Sep-11 F, G ND ND 
Sep-11 F, G ND ND 
Nov-11 F, G ND ND 
Mar-12 F, G, M F ND 
Apr-12 F, G, M ND ND 
Apr-12 F, G, M ND ND 
May-12 F, G, M, T ND ND 
Jun-12 NF, F, G, M, T F, G ND 
Jul-12 NF, F, G, M, T F, G, M, T ND 
Aug-12 NF, F, G, M, T NF, ND ND 
Sep-12 NF, F, G, M, T NF, ND F, G, M 
Oct-12 NF, F, G, M, T NF, ND ND 
Nov-12 F, G, M, T NF, ND ND 
Dec-12 F, G, M, T NF, ND ND 
Jan-13 F, G, M, T NF, ND ND 
Feb-13 F, G, M, T F, G, M, T ND 
Mar-13 F, G, M, T F, G, M, T ND 
Apr-13 F, G, M, T ND ND 
Apr-13 F, G, M F, G, M, T ND 
May-13 NF, F, G, M, T F, G, M, T F, G, M 
May-13 NF, F, G, M, T ND ND 
Jun-13 NF, F NF, ND F, G, M 
Jun-13 NF, F, G, M, T ND ND 
Jul-13 NF, F, G, M, T NF, ND ND 
Aug-13 NF, F, G, M, T NF, ND ND 
Sep-13 NF, F, G, M, T NF, ND ND 
Oct-13 NF, F, G, M, T NF, ND ND 
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Date Emu Creek Eight Mile Creek Ningbing Road spring 
Nov-13 NF, F, G, M, T NF, ND F, G, M 
Dec-13 NF, F, G, M, T NF, ND ND 
Jan-14 NF, F, G, M, T F, G, M, T ND 
Feb-14 F, G, M, T F, G, M, T ND 
Feb-14 F, G, M, T ND ND 
Mar-14 F, G, M, T F, G, M, T ND 
Apr-14 F, G, M, T F, G, M, T F, G, M 
Apr-14 F, G, M, T F, G, M, T ND 
May-14 F, G, M, T F, G, M, T ND 
Jun-14 F, G, M, T F, G, M, T F, G, M 
Jul-14 F, G, M NF, ND ND 
NF Site dry or no flow. 
ND No data collected. 
F  Field parameters from manual measurement. 
G  General chemistry and nutrients suite from manual sampling. 
M  Metals suite from manual sampling. 
T  Toxicant agricultural chemicals from manual sampling. 
3.2 Sampling and sample handling procedure 
Field measurement of pH, electrical conductivity (EC), temperature, dissolved oxygen 
(DO) and turbidity was undertaken using portable meters, including WTW®, 
Hydrolab®, YSI® and Sigma® brands. 
Monthly samples for general chemistry and nutrient analyses (Table 3.4) were 
collected in new 0.5L plastic bottles that were rinsed with sample water immediately 
prior to sampling to minimise the risk of contamination. Samples were collected from 
a depth of about 0.5m, where possible, and within 2m of the edge of the bank. They 
were kept cool in the field and during dispatch by airfreight to the laboratory for 
analysis. 
Separate samples were collected for metal analyses (Table 3.5). Sampling was 
conducted similar to general chemistry, with the addition of filtering the water through 
0.45µm cellulose acetate filters into 0.25L acid-washed plastic bottles, acidified with 
nitric acid to pH 1–2, and then kept chilled. Samples for the marker agricultural 
chemical toxicant atrazine, plus five additional agricultural chemicals included in the 
analysis package, were also collected in acid-washed, opaque glass bottles and kept 
chilled. Sampling for chlorophyll and pheophytin determination was done by filtering 
up to 1L of water through a 0.45µm glass-fibre filter paper. The volume filtered was 
recorded to calculate chlorophyll concentrations after analysis. The filter paper 
containing the filtrate was sealed in a plastic bag and kept cool during transit to the 
laboratory. 
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3.3 Analytes 
ANZECC and ARMCANZ (2000) recommend choosing analytes for baseline 
monitoring based on prior knowledge of the analytes that pose a risk to the health of 
any target aquatic species, due to a high probability of change or a severe 
consequence of change. In terms of this assessment, while no specific aquatic 
species have been identified as requiring protection, the lower Ord and Keep rivers 
will receive any run-off from the Victoria Highway and Carlton Hill areas if they are 
developed. There are some general (e.g. Bartley & Spiers 2010) and local (e.g. 
Bennett & George 2011, 2014) data about the expected changes to water quality 
under tropical irrigated agriculture, but there is no specific information about which 
water quality factors could be important or a risk to species in the aforementioned 
lowland river environments. Consequently, the suite of analytes chosen is 
comprehensive. 
ANZECC and ARMCANZ (2000) categorise the analytes as stressors and toxicants 
to aquatic biota. The analytes chosen encompass all of the stressors and metal 
toxicants listed in ANZECC and ARMCANZ (2000), plus the chemical toxicant 
atrazine (and the other chemical toxicants collected as part of the analysis package) 
and other general chemistry analytes (Tables 3.3–3.5). 
Atrazine, which is an ideal indicator species for the presence of agricultural chemicals 
in run-off in tropical irrigated agriculture, was selected because of its apparent high 
mobility (Bennett & George 2011). Although the presence of atrazine was not 
expected — given there is no agricultural development in the catchments — it was 
included as a pre-development baseline indicator for the presence of agricultural 
chemicals. 
Tables 3.3–3.5 list the analytes, their abbreviation or symbol, the analysis method 
and the limit of reporting (LOR) within each of the analysis suites in Table 3.2. Some 
of the LOR levels were reduced during the assessment period because the precision 
of the laboratory analysis methods increased. Laboratory analyses were mainly 
undertaken by the National Measurement Institute, with some undertaken by the 
Chemistry Centre of WA. Both laboratories are NATA accredited and certified to 
AS/NZS ISO/IEC 17025:2005. 
Table 3.3 The field measurement suite of analytes with their limits of reporting and 
analysis method 
Analyte Symbol  LOR Unit Analysis method 
Dissolved oxygen  DO  1 % galvanic electronic probe 
Electrical conductivity EC 1 mS/m electronic probe 
pH pH 0.1 none electronic probe 
Temperature Temp. 0.1 °C electronic probe 
Turbidity Turbidity 0.1 NTU light attenuation meter 
Water level or flow WL 0.001 m logger/tape 
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Table 3.4 The general chemistry measurement suite of analytes with their limits of 
reporting, laboratory analysis methods and whether they were filtered prior to 
analysis 
Analyte Symbol  LOR Unit Analysis method Filtered 
Acidity* Acidity 1/2 mg/L Titration N 
Alkalinity* Alk. 1 mg/L Titration Y 
Bicarbonate* HCO3 1 mg/L Titration Y 
Carbonate* CO3 1 mg/L Titration Y 
Chloride* Cl 1 mg/L Ion chromatography Y 
Chlorophyll a Chlor. a 0.001 mg/L Spectrophotometry Y 
Chlorophyll b* Chlor. b 0.001 mg/L Spectrophotometry Y 
Chlorophyll c* Chlor. c 0.001 mg/L Spectrophotometry Y 
Pheophytin a* Pheoph. a 0.001 mg/L Spectrophotometry Y 
Dissolved organic carbon* DOC 1 mg/L CIRD Y 
Electrical conductivity EC 1 mS/m Electronic probe N 
Fluoride* F 0.02/0.05 mg/L Selective electrical probe Y 
Hardness Hard. 1 mg/L Calculation, Ca + Mg Y 
Hydroxide* OH 1 mg/L Titration Y 
Ion balance* Ion bal. -50 % Calculation Y 
Sulfate* SO4 S  0.1/2 mg/L ICPAES Y 
Total nitrogen TN 0.025 mg/L PD, CaR, CR & AFIAC N 
Ammonium nitrogen NH3 N 0.01 mg/L CR & AFIAC Y 
Nitrate nitrogen* NO3 N 0.01/0.05 mg/L CaR, CR & AFIAC Y 
Nitrite nitrogen* NO2 N 0.01 mg/L CR & AFIAC Y 
Oxidised nitrogen NOx N 0.01/0.05 mg/L Sum of NO3 and NO2 N Y 
Soluble organic nitrogen* SON 0.025 mg/L CR Y 
Total organic nitrogen* TON 0.025 mg/L CR N 
Total soluble nitrogen* TSN 0.025 mg/L CR Y 
pH pH 0.1 No data Electronic probe N 
Total phosphorus TP 0.01/0.005 mg/L PD, CR & AFIAC N 
Soluble reactive phosphorus SRP 0.01/0.005 mg/L PO4 P by CR & AFIAC Y 
Soluble organic phosphorus* SOP 0.005/0.01 mg/L CR Y 
Total organic phosphorus* TOP 0.005/0.01 mg/L CR  N 
Total particulate phosphorus* TPP 0.02 mg/L Calculation, TP–TSP N 
Total reactive phosphorus* TRP 0.01 mg/L PO4 P by CR & AFIAC N 
Total soluble phosphorus* TSP 0.01/0.005 mg/L PD, CR & AFIAC Y 
16 
Cockatoo Sands: surface water quality 
Analyte Symbol  LOR Unit Analysis method Filtered 
Total dissolved solids 180* TDS 180 10 mg/L Evaporated filtrate Y 
Total dissolved solids Sum* TDS Sum 1 mg/L Sum of anions/cations Y 
Total suspended solids TSS 1 mg/L Mass of filtrate Y 
Turbidity Turbidity 0.1 NTU Nephelometry N 
* Analyte additional to ANZECC and ARMCANZ (2000) recommended list. 
AFIAC Automated flow injection analysis colorimeter. 
CaR  Cadmium reduction. 
CIRD  Combustion and infrared detection. 
CR  Colorimetric reaction. 
ICPAES Inductively coupled plasma atomic emission spectroscopy. 
PD  Persulphate digestion. 
Table 3.5 The metals and chemical toxicant suite of analytes with their limits of 
reporting, laboratory analysis methods and whether they were filtered prior to 
analysis 
Analyte Symbol LOR Unit Analysis method Filtered 
Aluminium  Al  0.005 mg/L ICPAES Y 
Antimony  Sb  0.0001 mg/L CMS/ICPAES Y 
Arsenic  As  0.001 mg/L ICPAES Y 
Barium* Ba  0.001 mg/L ICPAES Y 
Beryllium  Be  0.0001/0.001 mg/L CMS/ICPAES Y 
Bismuth  Bi  0.0001/0.001 mg/L CMS/ICPAES Y 
Boron  B  0.02 mg/L ICPAES Y 
Cadmium  Cd  0.0001 mg/L ICPAES Y 
Calcium* Ca  0.005 mg/L ICPAES Y 
Chromium  Cr  0.0001/0.005 mg/L CMS/ICPAES Y 
Cobalt  Co  0.0001/0.001 mg/L CMS/ICPAES Y 
Copper  Cu  0.002/0.001 mg/L ICPAES Y 
Gallium Ga 0.0001/0.001 mg/L CMS/ICPAES Y 
Iron  Fe  0.005 mg/L ICPAES Y 
Lanthanum  La  0.001/0.005 mg/L ICPAES Y 
Lead  Pb  0.0001/0.001 mg/L CMS/ICPAES Y 
Lithium* Li  0.001/0.005 mg/L ICPAES Y 
Magnesium* Mg  0.1 mg/L ICPAES Y 
Manganese  Mn  0.001 mg/L ICPAES Y 
Mercury  Hg  0.0001 mg/L Vapour spectroscopy Y 
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Analyte Symbol LOR Unit Analysis method Filtered 
Molybdenum  Mo  0.001 mg/L CMS Y 
Nickel  Ni  0.001 mg/L CMS/ICPAES Y 
Potassium* K  0.1 mg/L ICPAES Y 
Selenium  Se  0.00 mg/L ICPAES Y 
Silicon* Si  0.05 mg/L ICPAES Y 
Silver Ag 0.0001/0.001 mg/L CMS/ICPAES Y 
Sodium* Na  0.05 mg/L ICPAES Y 
Thallium Tl 0.0001/0.001 mg/L CMS/ICPAES Y 
Tin  Sn  0.001/0.02 mg/L ICPAES/CMS Y 
Titanium* Ti 0.005/0.002 mg/L ICPAES/CMS Y 
Uranium  U  0.0001/0.001 mg/L ICPAES/CMS Y 
Vanadium V 0.001/0.005 mg/L ICPAES Y 
Zinc  Zn  0.001/0.005 mg/L CMS Y 
Atrazine Atra. 0.0001 mg/L Liquid chromatography N 
Hexazinone Hexa. 0.0001 mg/L Liquid chromatography N 
Metribuzin* Metri. 0.0001 mg/L Liquid chromatography N 
Prometryn* Prom. 0.0001 mg/L Liquid chromatography N 
Simazine Sima. 0.0001 mg/L Liquid chromatography N 
* Analyte additional to ANZECC and ARMCANZ (2000) recommended list. 
CMS  Coupled mass spectroscopy. 
ICPAES Inductively coupled plasma atomic emission spectroscopy. 
3.4 Flow measurement using dataloggers 
A Ceradiver® (Schlumberger Pty Ltd) combined depth/EC/temperature recording 
datalogger was installed in March 2012 just upslope of the 3.5m diameter pipe culvert 
where Emu Creek crosses the Victoria Highway (Figure 2.1). It was initially installed 
to determine the likely magnitude of the flow heights and the range of EC and then 
additional instrumentation capable of more accurately measuring flow stage heights 
and rates was installed. The Ceradiver® instrument was installed so that the sensor 
was at about the cease-to-flow level of a small permanent pool that presumably was 
formed when the culvert was constructed. Water level, EC and temperature were 
logged every hour. Each time the site was visited, the water depth relative to the 
sensor was measured and a sample was collected to measure EC. This data was 
subsequently compared to the datalogger data to verify the accuracy of the latter. At 
each download, the logger was replaced with a clean, tested and recalibrated 
instrument. 
The additional stage and flow logger system, SonTek-IQ®, was installed inside the 
culvert in December 2012. The SonTek-IQ® instrument records stage height and flow 
velocity using pressure transducer and acoustic doppler technology. Data was logged 
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at five-minute intervals. During the assessment, the instrument’s velocity data was 
calibrated and verified at various stage heights using acoustic doppler and 
electromagnetic current meters. Concurrently, instrument stage data was calibrated 
and verified using a manual staff gauge. 
Flow gauging was not undertaken at the Eight Mile Creek or Ningbing Road spring 
sites. 
3.5 Data analysis 
All statistical analyses of data were undertaken using Microsoft Excel®. Coefficient of 
variation (COV) analyses was undertaken by dividing the statistical sample means by 
the statistical sample standard deviations. During data preparation for statistical 
analysis, concentrations that were reported as being below the LOR were assigned a 
value equal to half of the LOR. Halving the LOR is one of the three suggested 
methods of dealing with LOR data during statistical analysis for determining baseline 
concentrations (ANZECC & ARMCANZ 2000). Alternatively, the LOR data can be 
excluded from the dataset, or a value equal to the LOR assigned during data 
analysis. The half LOR approach was used because it was considered more 
conservative; it was found that the other two methods tended to artificially increase 
the derived baseline concentrations.   
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4 Results 
4.1 Climate 
At the Ivanhoe climate station the long-term average annual rainfall (data span: July 
to June period between 1914 and 2014) is 802mm and the average annual Class A 
Pan evaporation (data span: 1970–2014) is 2727mm. Figure 4.1 shows the temporal 
pattern of average monthly rainfall, maximum temperature, minimum temperature 
and evaporation at this site (data span: 1914–2014 for rainfall, 1970–2014 for other 
factors). On average, monthly rainfall only exceeds monthly evaporation in February. 
Rainfall is highly seasonal with about 90% of the annual total usually falling between 
November and March. The highest temperatures and accompanying highest rates of 
evaporation typically occur within September to December. 
 
Figure 4.1 Average monthly rainfall and evaporation totals, plus the average 
minimum and maximum temperatures recorded at the Ivanhoe climate station (data 
source: SILO climate data) 
Table 4.1 shows the total annual rainfall recorded at the Carlton, Ivanhoe, Kununurra 
and DoW 502049 rain gauges (Figure 1.1) between 2010 and 2014. In some years, 
there was considerable difference in rainfall between the sites. For example, there 
was greater than 500mm more rainfall recorded at the Carlton and Kununurra rain 
gauges than at the Ivanhoe site during 2010/11. Given the Ivanhoe rain gauge is 
about equidistant between, and less than 15km from, the other gauges, this 
difference is indicative of the localised effects of wet season thunderstorm/monsoon 
activity in the region. Rainfall during 2011/12 and 2012/13 was about average 
(deciles 4–7) in the area. 
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During 2013/14, a well above-average (decile 9) season, there was similar rainfall at 
the Carlton, Kununurra and Ivanhoe rain gauges. However, the DoW 502049 rain 
gauge adjacent to the Victoria Highway area recorded about 200mm more rainfall. 
Table 4.1 Total annual rainfall (July to June) recorded at the Carlton, Ivanhoe, 
Kununurra and DoW 502049 rain gauges between 2010 and 2014 
Site 
2010/11 
rainfall 
(mm) 
2010/11 
decile 
2011/12 
rainfall 
(mm) 
2011/12 
decile 
2012/13 
rainfall 
(mm) 
2012/13 
decile 
2013/14 
rainfall 
(mm) 
2013/14 
decile 
Carlton 1550 9 868 6 763 4 1299 9 
Ivanhoe 926 8 728 4 817 5 1336 9 
Kununurra 1433 9 928 7 791 6 1359 9 
DoW 
502049 
1225 IND 944 IND 901 IND 1524 IND 
IND  Insufficient data 
Source: SILO climate data (2015) 
The difference in 2013/14 rainfall between the sites is largely attributable to a major 
storm event during 5–10 February 2014, when 680mm was recorded in the DoW 
502049 rain gauge (in the Emu Creek Catchment, Figure 4.2), 409mm in the 
Kununurra rain gauge, 390mm in the Ivanhoe rain gauge and 321mm in the Carlton 
Hill rain gauge. During this event, the most extreme rainfall intensity occurred in the 
Emu Creek Catchment on 7 February when 410mm was recorded. The maximum 
daily intensity recorded at the other sites was substantially lower, though still 
extreme: 160 millimetres per day (mm/d) in the Kununurra gauge, 158mm/d in the 
Ivanhoe gauge and 132mm/d in the Carlton Hill gauge. This event indicates the large 
degree of localised variability that can occur within monsoonal-low weather systems. 
This event caused major flooding within the Kununurra townsite and throughout the 
Ivanhoe Plain. Run-off from the storm caused Emu Creek to flood, causing the 
closure of Victoria Highway and the evacuation of the Gulgagulganeng community. 
Based on the rainfall at the DoW 502049 rain gauge, the annual exceedance 
probability (AEP) of the storm within the Emu Creek Catchment is estimated to be 
between 1 in 200 and 1 in 500 (Pearce 2014). 
4.2 Water quality data summaries 
Tables 4.2–4.4 show statistical summaries of the water quality data collected during 
periods of flow from the Emu Creek, Eight Mile Creek and Ningbing Road spring 
sampling sites. Appendix B contains similar statistical summaries of the water quality 
in the Emu Creek pool during periods when Emu Creek was not flowing. The tables 
contain data for the appropriate known environmental physicochemical stressors and 
toxicants listed by ANZECC and ARMCANZ (2000). Two stressor parameters, nitrate 
nitrogen (NO3 N) and ammonium nitrogen (NH3 N), are also regarded as toxicants 
depending on their concentrations and the situation and have correspondingly 
different ANZECC and ARMCANZ (2000) default trigger values (Appendix C). 
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As per the ANZECC and ARMCANZ (2000) recommended protocols for reporting 
baseline data, summary data for each analyte comprises the number of samples 
collected, the population mean and median, the COV, and the 80th and 20th 
percentile values. 
Tables 4.2–4.4 also indicate the proportion of samples that had concentrations less 
than the LOR. Appendix D contains a similar array of summary results for the water 
quality parameters that were analysed in addition to those listed in Tables 4.2–4.4. 
Appendix E contains the complete water quality dataset collected from the three 
sample sites during the sampling program between December 2010 and July 2014. 
For the water quality stressors, the results show that: 
• the water temperature was similar and within the range 28–30°C at the Emu 
Creek, Eight Mile Creek and Ningbing Road spring sites 
• the median pH at the Emu Creek and Eight Mile Creek sites was between 7.5 and 
7.85. At the Ningbing Road spring, the median pH of 8.05 indicates the water is 
alkaline, probably reflecting the influence of the limestone geology surrounding the 
head of the spring 
• the median EC (30mS/m) of the Emu Creek flow was double that of the Eight Mile 
Creek flow, reflecting mobilisation of the extra salts from the surface of the salt-
affected areas within the Emu Creek Catchment. The EC of the water for the 
groundwater-fed Ningbing Road spring was double that of Emu Creek flow1 
• the median turbidity at all four sites was low, within the range 11–19 NTUs 
• the median DO levels were in the range 69–95% 
• the median total nitrogen (TN) and total phosphorus (TP) levels were within the 
range 0.38–0.57mg/L and 0.019–0.025mg/L, respectively, for all sites 
• the median concentrations of the soluble forms of nitrogen and phosphorus were 
more than one order of magnitude lower than the total forms. The soluble forms 
were regularly present at concentrations below the LOR. 
Most of the metal toxicants were regularly present in concentrations below the LOR. 
The exceptions, where less than 25% of samples have concentrations below the 
LOR, were: 
• aluminium (Al), boron (B), iron (Fe) and manganese (Mn) at all sites 
• zinc (Zn) at Emu Creek and the Ningbing Road spring 
• lead (Pb) and uranium (U) at the Ningbing Road spring. 
The farm chemical toxicants — atrazine, hexazinone, metribuzin, promethryn and 
simazine — were less than the LOR in every sample analysed from each site. 
1 1mS/m equals: 10µS/m, 0.01dS/m, 0.01mS/cm and about 6mg/L 
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Table 4.2 Summary data for ANZECC and ARMCANZ (2000) listed aquatic 
environmental stressors and toxicants in water samples collected from flowing water 
in Emu Creek. All units are mg/L, unless otherwise stated 
Analyte 
Number 
of 
samples 
Proportion 
of samples 
<LOR (%) Mean Median COV 
80th 
percentile 
20th 
percentile 
Stressors        
Temp. (°C) 18 0 27.9 29.2 0.17 31.8 24.9 
pH 26 0 7.63 7.50 0.06 7.80 7.30 
EC (mS/m) 27 0 31 30 0.48 43 18 
Turbidity (NTU) 22 0 14 11 0.88 17 9 
TSS 26 4 12 6 1.11 14 4 
DO (%) 17 0 59 69 0.47 74 35 
Chlor. a  16 19 0.0085 0.0050 1.09 0.0150 No data  
TN  26 0 0.66 0.57 0.47 0.92 No data  
NOx/NO3 N* 25 88 0.008 0.005 0.94 0.005 No data  
NH3 N* 26 38 0.019 0.012 1.01 0.023 No data  
TP 26 15 0.0323 0.0205 1.20 0.0410 No data  
SRP* 27 67 0.009 0.005 1.80 0.010 No data  
Toxicants        
Al 20 0 0.544 0.255 1.49 0.748 No data  
Sb*  20 100 0.0004 0.0005 0.52 0.0005 No data  
As*  20 75 0.0008 0.0005 0.79 0.0010 No data  
Be*  20 100 0.0004 0.0005 0.52 0.0005 No data  
Bi*  20 100 0.0004 0.0005 0.52 0.0005 No data  
B  20 0 0.12 0.11 0.53 0.18 No data  
Cd*  20 100 0.0001 0.0001 0.00 0.0001 No data  
Cr*  20 90 0.0006 0.0005 0.63 0.0005 No data  
Co*  20 80 0.0009 0.0005 0.89 0.0012 No data  
Cu*  20 55 0.0011 0.0006 0.92 0.0015 No data  
Ga* 20 90 0.0004 0.0005 0.63 0.0005 No data  
Fe  20 0 0.860 0.730 0.74 1.240 No data  
La*  19 95 0.0010 0.0005 0.86 0.0020 No data  
Pb*  20 75 0.0005 0.0005 0.20 0.0005 No data  
Mn  20 0 0.0549 0.0150 2.16 0.0674 No data  
Hg*  20 95 0.00006 0.00005 0.61 0.00005 No data  
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Analyte 
Number 
of 
samples 
Proportion 
of samples 
<LOR (%) Mean Median COV 
80th 
percentile 
20th 
percentile 
Mo*  20 90 0.0007 0.0005 0.92 0.0005 No data  
Ni*  20 75 0.0008 0.0005 1.14 0.0010 No data  
Se*  20 100 0.0005 0.0005 0.00 0.0005 No data  
Ag* 20 90 0.0006 0.0005 1.47 0.0005 No data  
Tl* 16 94 0.0004 0.0005 0.50 0.0005 No data  
Sn*  19 100 0.0015 0.0005 2.08 0.0005 No data  
U*  20 85 0.0004 0.0005 0.47 0.0005 No data  
V* 20 45 0.0015 0.0010 0.94 0.0021 No data  
Zn  20 20 0.0072 0.0028 1.45 0.0092 No data  
Atra.* 15 100 0.00005 0.00005 0.00 0.00005 No data  
Hexa.* 14 100 0.00005 0.00005 0.00 0.00005 No data  
Metri.* 14 100 0.00005 0.00005 0.00 0.00005 No data  
Prom.* 14 100 0.00005 0.00005 0.00 0.00005 No data  
Sima.* 14 100 0.00005 0.00005 0.00 0.00005 No data  
*  More than 25% of baseline data are below the LOR. 
Table 4.3 Summary data for ANZECC and ARMCANZ (2000) listed aquatic 
environmental stressors and toxicants in water samples from collected from flowing 
water in Eight Mile Creek. All units are mg/L, unless otherwise stated 
Analyte 
Number 
of 
samples 
Proportion 
of samples 
<LOR (%) Mean Median COV 
80th 
percentile 
20th 
percentile 
Stressors        
Temp. (°C) 13 0 29.2 29.5 0.13 32.6 25.2 
pH 13 0 7.82 7.80 0.05 8.06 7.50 
EC (mS/m) 13 0 21 15 0.63 37 10 
Turbidity (NTU) 14 0 31 19 0.78 45 16 
TSS  12 0 14 11 0.77 17 6 
DO (%) 12 0 95 95 0.25 102 79 
Chlor. a  12 17 0.0048 0.0025 1.15 0.0068 No data  
TN  13 0 0.39 0.38 0.47 0.50 No data  
NOx/NO3 N* 13 85 0.007 0.005 0.89 0.005 No data  
NH3 N* 13 77 0.011 0.005 1.17 0.009 No data  
TP 13 23 0.0247 0.0190 1.16 0.0306 No data  
SRP* 13 69 0.005 0.003 0.63 0.007 No data  
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Analyte 
Number 
of 
samples 
Proportion 
of samples 
<LOR (%) Mean Median COV 
80th 
percentile 
20th 
percentile 
Toxicants        
Al 11 0 1.124 0.680 1.52 1.400 No data  
Sb*  11 91 0.0005 0.0005 0.30 0.0005 No data  
As*  11 73 0.0006 0.0005 0.37 0.0010 No data  
Be*  12 100 0.0005 0.0005 0.28 0.0005 No data  
Bi*  12 100 0.0005 0.0005 0.28 0.0005 No data  
B  11 0 0.07 0.07 0.45 0.10 No data  
Cd*  11 100 0.0001 0.0001 0.00 0.0001 No data  
Cr*  11 64 0.0007 0.0005 0.37 0.0010 No data  
Co*  11 100 0.0007 0.0005 0.88 0.0005 No data  
Cu*  11 64 0.0008 0.0005 0.60 0.0010 No data  
Ga* 12 92 0.0005 0.0005 0.40 0.0005 No data  
Fe  11 0 1.099 1.100 0.82 1.700 No data  
La*  12 92 0.0007 0.0005 0.82 0.0005 No data  
Pb*  11 91 0.0005 0.0005 0.06 0.0005 No data  
Mn  11 0 0.0222 0.0060 1.23 0.0350 No data  
Hg*  11 100 0.00005 0.00005 0.00 0.00005 No data  
Mo*  11 100 0.0005 0.0005 0.00 0.0005 No data  
Ni*  11 55 0.0007 0.0005 0.36 0.0010 No data  
Se*  11 91 0.0005 0.0005 0.28 0.0005 No data  
Ag* 11 91 0.0007 0.0005 0.85 0.0005 No data  
Tl* 11 100 0.0005 0.0005 0.30 0.0005 No data  
Sn*  11 100 0.0014 0.0005 2.10 0.0005 No data  
U*  12 100 0.0005 0.0005 0.28 0.0005 No data  
V* 11 45 0.0014 0.0010 0.62 0.0020 No data  
Zn*  11 55 0.0045 0.0005 2.37 0.0030 No data  
Atra.* 11 100 0.00005 0.00005 0.00 0.00005 No data  
Hexa.* 11 100 0.00005 0.00005 0.00 0.00005 No data  
Metri.* 11 100 0.00005 0.00005 0.00 0.00005 No data  
Prom.* 11 100 0.00005 0.00005 0.00 0.00005 No data  
Sima.* 11 100 0.00005 0.00005 0.00 0.00005 No data  
*  More than 25% of baseline data are below the LOR. 
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Table 4.4 Summary data for ANZECC and ARMCANZ (2000) listed aquatic 
environmental stressors and toxicants in water samples obtained from the Ningbing 
Road spring. All units are mg/L, unless otherwise stated 
Analyte 
Number 
of 
samples 
Proportion 
of samples 
<LOR (%) Mean Median COV 
80th 
percentile 
20th 
percentile 
Stressors        
Temp. (°C) 4 0 28.3 28.9 0.16 31.7 25.0 
pH 6 0 8.03 8.05 0.02 8.10 8.00 
EC (mS/m) 6 0 64 63 0.10 71 58 
Turbidity (NTU) 4 0 15 16 0.74 25 6 
TSS*  3 33 15 9 1.19 25 4 
DO (%) 4 0 80 78 0.56 105 54 
Chlor. a*  3 67 0.0013 0.0005 1.08 0.0020 No data  
TN  6 0 0.69 0.46 0.92 0.84 No data  
NOx/NO3 N* 5 100 0.005 0.005 0.00 0.005 No data  
NH3 N* 6 50 0.094 0.008 2.22 0.020 No data  
TP 6 17 0.0275 0.0250 0.84 0.0300 No data  
SRP* 6 83 0.006 0.005 0.35 0.005 No data  
Toxicants        
Al 6 0 0.050 0.043 0.69 0.082 No data  
Sb*  6 83 0.0001 0.0001 0.35 0.0001 No data  
As*  6 67 0.0008 0.0005 0.73 0.0010 No data  
Be*  6 100 0.0001 0.0001 0.00 0.0001 No data  
Bi*  6 100 0.0001 0.0001 0.00 0.0001 No data  
B  5 0 0.09 0.08 0.40 0.12 No data  
Cd*  6 100 0.0001 0.0001 0.00 0.0001 No data  
Cr*  6 100 0.0004 0.0005 0.31 0.0005 No data  
Co*  6 67 0.0013 0.0013 1.02 0.0025 No data  
Cu  6 17 0.0016 0.0014 0.44 0.0021 No data  
Ga* 6 100 0.0001 0.0001 0.00 0.0001 No data  
Fe  6 0 0.043 0.039 0.42 0.060 No data  
La*  5 80 0.0020 0.0025 0.53 0.0025 No data  
Pb  6 17 0.0003 0.0003 0.92 0.0003 No data  
Mn  6 17 0.0761 0.0055 2.22 0.0210 No data  
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Analyte 
Number 
of 
samples 
Proportion 
of samples 
<LOR (%) Mean Median COV 
80th 
percentile 
20th 
percentile 
Hg*  6 100 0.00004 0.00004 0.37 0.00005 No data  
Mo*  6 100 0.0005 0.0005 0.00 0.0005 No data  
Ni*  6 83 0.0008 0.0005 0.82 0.0005 No data  
Se*  6 100 0.0005 0.0005 0.00 0.0005 No data  
Ag* 6 67 0.0001 0.0001 1.08 0.0002 No data  
Tl* 4 100 0.0025 0.0001 1.96 0.0040 No data  
Sn*  4 100 0.0075 0.0100 0.66 0.0100 No data  
U  6 0 0.0004 0.0004 0.30 0.0004 No data  
V* 6 50 0.0025 0.0025 0.29 0.0025 No data  
Zn  6 17 0.0333 0.0260 1.18 0.0300 No data  
*  More than 25% of baseline data are below the LOR. 
4.3 Discharge dynamics 
4.3.1 Emu Creek 
Figure 4.2 shows how the water level and discharge flow rate in Emu Creek responds 
to daily rainfall during the baseline period. Stage height data from both loggers was 
almost identical, except during periods of very low flow when the water level fell 
below the sensor of the logger placed upslope of the culvert. 
Water level responses to rainfall were rapid and during below-average to average 
wet seasons, such as 2011/12 and 2012/13, can be up to about 1m following rainfall 
events of about 50mm/d. The extreme rainfall of about 400mm on 7 February 2014 
caused Emu Creek to rise by about 3m, overtopping the culvert and Victoria 
Highway. The corresponding flow rate peaked above 3000ML/d through the culvert, 
although this rate does not include the flow that went over the highway at the culvert 
floodway. 
The total discharge from Emu Creek during the 2012/13 flow season was about 
320ML. During the above-average 2013/14 flow season the observed total discharge 
through the culvert was more than 11 000ML. Most of the difference in discharge 
between these two seasons is attributable to the major storm event during 5–10 
February 2014, during which time about 8000ML of discharge was recorded at the 
Emu Creek gauging station. It is likely that the actual total discharge during this storm 
period was considerably higher, given that the flow over the road and through the 
floodway could not be measured. 
During periods of no flow in the dry season, the water level in the culvert pool 
declines in an almost linear fashion at a rate of about 3mm/d. Presumably this rate 
indicates the imbalance between the rate of groundwater discharge into the pool 
locally and the rate of evaporation from the pool. 
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Figure 4.2 Emu Creek stage and flow rate responses to rainfall during the baseline 
assessment 
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4.3.2 Eight Mile Creek and Ningbing Road spring 
While formal stage height or discharge rate measurements were not undertaken at 
the Eight Mile Creek sites, observations made during sample collection trips indicated 
that, like Emu Creek, Eight Mile Creek’s discharge rate was highly responsive to 
rainfall. The Eight Mile Creek Catchment (57 565ha) comprises a significant 
proportion (17%) of the 351 000ha Keep River Catchment. The stage height and 
discharge rate of the Keep River is recorded by the Northern Territory Department of 
Land Resource Management at their gauging station G8100225 on the Keep River. 
Data from G8100225 during this baseline assessment shows dynamic discharge 
responses to wet season rainfall (Appendix F). The hydrograph shows that after 
rainfall had ceased in 2014, a period of prolonged low flow extended until well after 
July. The prolonged low flow in the Keep River may be a response to the February 
floods which likely caused more widespread ephemeral watertables to develop in the 
catchment which then took longer to drain. 
The Ningbing Road spring is likely to have had much higher flow rates during the wet 
seasons because of the likely rise in the local groundwater and the reduced 
evaporation rate, plus increased surface flow because storm run-off presumably 
collects in the lower-elevation spring zone. Some of the Carlton Hill area of Cockatoo 
Sands also lies within the 100 700ha Border Creek Catchment. Flow in Border Creek 
(observed at G8100106, managed by the Northern Territory Department of Land 
Resource Management) is also dynamically responsive to wet season rainfall 
(Appendix F). 
4.4 Temporal dynamics of water quality parameters 
Figure 4.3 and Figure 4.4 show the temporal dynamics of the aquatic stressors — 
EC, pH, turbidity, DO, TN and TP — from Emu Creek, Eight Mile Creek and the 
Ningbing Road spring. Figure 4.5 shows the temporal dynamics of the metal 
toxicants — aluminium, boron, iron and zinc — at the three sites. The Emu Creek 
flow stage height and the ANZECC and ARMCANZ (2000) default trigger values for 
tropical lowland rivers (AADTVTLRs) are also shown in Figures 4.3–4.5 to distinguish 
periods of active run-off and relate the observed values of the analytes to the 
AADTVTLRs. Where the concentration of an analyte is below the LOR, the value 
equal to half of the LOR is shown. 
Though variable, EC in Emu Creek was generally much lower during periods of high 
flow rate than during periods of low flow rate. The EC of the water in the culvert pool 
tended to increase during periods of no flow. There was a marked reduction in EC 
during the latter half of the 2013/14 wet season, presumably as a result of more 
surface salts being flushed from the catchment during the floods. In contrast, the EC 
in Eight Mile Creek increased during the period of residual flow towards the end of 
the 2013/14 wet season. The EC of flow from the Ningbing Road spring remained 
fairly constant at about 60mS/m. At all sites, the EC regularly exceeded the 
AADTVTLR. 
The pH at all sites was always above, or in the upper range of, the AADTVTLR. pH 
was generally lower during the periods of higher run-off. 
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Turbidity varied over about one order of magnitude at the Emu Creek and Eight Mile 
Creek site and often exceeded the AADTVTLR. The occasional high turbidity in the 
Ningbing Road spring water may be related to the disturbance of sediments by cattle, 
which were observed to variably congregate nearby and drink from the spring in the 
dry season. 
The DO levels were highly variable at each site, although in general they were quite 
low, with most recordings below the lower AADTVTLR of 85%. Each site, on one 
occasion, had very high DO levels, which exceeded the upper AADTVTLR of 120%. 
The TN and TP concentrations were mostly above the AADTVTLR at each site. In 
Emu Creek, TN and TP were generally at their highest in the first significant wet 
season run-off. Concentrations then declined during the latter part of each wet 
season, presumably as nitrogen was progressively washed from surfaces in the 
catchment. Compared to the large variations — about one order of magnitude — in 
Emu Creek, TN and TP concentrations in Eight Mile Creek remained relatively stable. 
The concentration of the metals aluminium, iron and zinc were highest during the 
periods of high flow in Emu Creek and Eight Mile Creek, indicating they are probably 
mobilised from the catchment as sediment in rapid flows. The maximum 
concentration of zinc and aluminium reached more than one and two orders of 
magnitude, respectively, of their AADTVTLRs in high flows at both sites. In contrast, 
during low flow periods (and in the Emu Creek culvert pool during periods of no flow) 
the concentrations of all three metals were substantially lower — always below the 
AADTVTLR and often below the LOR. The Ningbing Road spring had more 
consistent concentrations of aluminium and iron, although aluminium levels exceeded 
the AADTVTLR on two occasions. Zinc levels in the spring were always at or above 
the AADTVTLR, with one sample recording levels five times higher than the 
AADTVTLR. In contrast to aluminium, iron and zinc, the concentrations of boron were 
lower, and generally below the AADTVTLR, during high flows, yet almost always 
exceeded the AADTVTLR in low flow periods in the Emu and Eight Mile creeks and 
during no flow periods in the Emu Creek culvert pool. In the Ningbing Road spring 
water, boron levels alternated above and below the AADTVTLR. 
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Figure 4.3 Temporal dynamics of stressors (a) EC, (b) pH, (c) turbidity and (d) DO at Emu Creek, Eight Mile Creek and Ningbing Road spring. Emu Creek flow stage heights are shown to distinguish 
periods of active run-off. The green dashed lines indicate the ANZECC and ARMCANZ (2000) default trigger values for tropical lowland rivers (AADTVTLRs)
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Figure 4.4 Temporal dynamics of nutrients (a) TN and (b) TP at Emu Creek, Eight 
Mile Creek and Ningbing Road spring. Emu Creek flow stage heights are shown to 
distinguish periods of active run-off. The green dashed lines indicate the ANZECC 
and ARMCANZ (2000) default trigger values for tropical lowland rivers (AADTVTLRs) 
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Figure 4.5 Temporal dynamics of metal toxicants (a) aluminium, Al; (b) boron, B; (c) iron, Fe; and (d) zinc, Zn, at Emu Creek, Eight Mile Creek and Ningbing Road spring. Emu Creek flow stage 
heights are shown to distinguish periods of active run-off. The green dashed lines indicate the ANZECC and ARMCANZ (2000) default trigger values for tropical lowland rivers (AADTVTLRs)
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5 Discussion 
5.1 Comparison of baseline results to the default trigger values 
ANZECC and ARMCANZ (2000) recommend that if suitable data exists, baseline 
levels of relevant physicochemical parameters are determined by calculating the 80th 
and/or 20th percentile values, depending on whether the parameter has a detrimental 
effect at a high or low concentration or value, or both. 
Tables 4.2–4.4 contain the 80th percentiles (and 20th percentiles, where relevant) 
derived from the data collected. ANZECC and ARMCANZ (2000) also recommend 
that the 20th percentile (where applicable) and/or 80th percentile baseline values are 
used to derive site referential, local trigger values, if required. 
Table 5.1 shows the ratios of the baseline 80th percentile values to the ANZECC and 
ARMCANZ (2000) default trigger values for tropical lowland rivers (AADTVTLRs). 
The AADTVTLR used was the ‘99% species protection level’ values (corrected for 
water hardness where applicable, Appendix C) for stressors and toxicants in flowing 
water sampled at each site. Where the ratios exceed unity, the baseline value 
exceeds the AADTVTLR. For water quality parameters that exceed the AADTVTLR, 
ANZECC and ARMCANZ (2000) recommend that it is especially appropriate to 
develop site-specific trigger values if required — for example, as a basis for future 
compliance monitoring. Appendix G contains similar ratio data for samples collected 
during periods of no flow in the Emu Creek culvert pool. 
5.1.1 Stressors 
Many of the stressors have baseline values that exceed the corresponding 
AADTVTLRs at multiple sites. EC, turbidity and DO exceeded the AADTVTLR at all 
sites, and the baseline values of TN and TP greatly exceeded the AADTVTLR at all 
sites. The baseline for the oxidised nitrogen/nitrate (NOx/NO3 N) form of nitrogen was 
less than the AADTVTLR at all sites, but the ammonium (NH3 N) form exceeded the 
AADTVTLR in Emu Creek and the Ningbing Road spring. The baseline soluble 
reactive phosphorous (SRP) values also greatly exceeded the AADTVTLR at all sites 
(Table 5.1). It should be noted that the SRP baseline data may be slightly artificially 
elevated because the LOR for SRP (0.01 or 0.005mg/L, depending on the sample 
and laboratory) is higher than the AADTVTLR (0.004mg/L) and there was a high 
proportion of samples with SRP levels less than the LOR at all sites. However, 
because the baseline value is calculated from the 80th percentile of a dataset that 
also contains many high SRP concentrations, this possible data artefact does not 
significantly alter the baseline value derived for SRP. 
Upper baseline pH values were always lower than the upper AADTVTLR. ANZECC 
and ARMCANZ (2000) specify lower AADTVTLRs for pH and DO and suggest they 
have lower baseline values derived from the 20th percentile of data. The lower 
baseline of these two parameters was compared to their respective AADTVTLRs for 
all sites (data not shown). The lower baseline for pH was above the lower 
AADTVTLR at all sites. The lower baseline for DO was about half of the AADTVTLR 
at Emu Creek and Ningbing Road spring and about equal (a ratio of 0.9) at Eight Mile 
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Creek. The DO results indicate that run-off from the catchments has a much broader 
range of DO than would be expected using the AADTVTLR as the reference. 
Table 5.1 Ratio of the 80th percentile to the upper AADTVTLR at each site 
Parameter 
Emu Creek 
(flowing) 
Emu Creek 
culvert pool 
Eight Mile 
Creek 
Ningbing Road 
spring 
Stressors     
Temp. (°C) ID ID ID ID 
pH 1.0 1.0 1.0 1.0 
EC (mS/m) 1.9 3.1 1.6 3.2 
Turbidity (NTU) 1.1 1.9 3.0 1.7 
TSS (mg/L) 0.9 2.8 1.1 1.6 
DO (%) 3.7 3.2 5.1 5.3 
Chlor. a  3.0 11.4 1.4 0.4 
TN  3.1 6.4 1.7 2.8 
NOx/NO3 N 0.5 0.5 0.5 0.5 
NH3 N 2.3 6.5 0.9 2.0 
TP 4.1 17.2 3.1 3.0 
SRP 2.5* 4.6* 1.7* 1.3* 
Toxicants     
Al 28.0 1.2 52.0 3.0 
Sb  ID ID ID ID 
As  1.0 1.9 1.0 1.0 
Be  ID ID ID ID 
Bi  ID ID ID ID 
B  2.0 2.8 1.1 1.4 
Cd 0.6 0.4 0.4 0.1 
Cr  37.0* 26.0* 53.0* 8.0* 
Co  ID ID ID ID 
Cu  1.0 0.2 0.4 0.2 
Ga ID ID ID ID 
Fe  ID ID ID ID 
La  ID ID ID ID 
Pb  0.3 0.2 0.2 0.1 
Mn  0.1 0.1 0.0 0.1 
Hg  0.8 0.8 0.8 0.8 
Mo  ID ID ID ID 
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Parameter 
Emu Creek 
(flowing) 
Emu Creek 
culvert pool 
Eight Mile 
Creek 
Ningbing Road 
spring 
Ni  0.1 0.0 0.1 0.1 
Se  0.1 0.2 0.1 0.1 
Ag 25.0* 25.0* 25.0* 10.0* 
Tl ID ID ID ID 
Sn  ID ID ID ID 
U  ID ID ID ID 
V ID ID ID ID 
Zn  2.8 0.1 0.7 1.8 
* LOR is greater than AADTVTLR. 
ID AADTVTLR is not assigned. 
Figure 5.1 shows that the high baseline concentrations of TN and TP in run-off from 
Emu Creek and Eight Mile Creek contain high proportions of the organic forms of 
these nutrients. Organic nitrogen comprises over 90% of TN, with most of this 
apparently being in the soluble form (SON). Forms of SRP comprise less than 25% of 
TP, while organic forms (TOP) comprise over 75%. Total soluble phosphorus (TSP) 
comprises about 40% of TP, indicating that most of the organic phosphorus present 
in run-off is in an insoluble form. There is no significant difference (at the 95% level of 
confidence) in the proportions of the various nitrogen and phosphorus species 
between the two sites. 
The high baseline nutrient concentrations in the run-off from Emu and Eight Mile 
creeks are at levels usually associated with much more intensified agricultural 
catchments in the south-west of Western Australia (e.g. DOW 2009). The high 
nutrient concentrations therefore appear to be inconsistent with the land use — 
rangeland grazing at comparatively low stocking rates. However, Bennett and 
George (2014) found similarly high nutrient baseline levels in wet season run-off in 
the Keep River and Border Creek. They attributed the high nutrient levels to a 
combination of natural and anthropogenic processes including: 
• the luxuriant herbage growth on the floodplains in the wet season, which 
desiccates and degrades over the subsequent dry season and later becomes the 
source of high levels of organic matter washed into river tributaries during the next 
wet season 
• the often severe erosion of drainage lines resulting in sediment and nutrient 
transport into river tributaries 
• the tendency for cattle to congregate near waterways and on floodplains during 
dry seasons resulting in an associated concentration of nutrients from urine and 
faeces in these areas. 
The predominance of organic forms of nitrogen and phosphorus in Emu and Eight 
Mile creeks suggests that for these catchments, of the processes described by 
Bennett and George (2014), the breakdown (by mechanical and biological 
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mechanisms), suspension and dissolution of plant material is the major mechanism 
responsible for high nutrient levels. 
 
Figure 5.1 Comparison of the mean proportions of NH3 N, NOx /NO3 N, TON, SON, 
SRP, TOP and TSP in discharge of Emu Creek and Eight Mile Creek. Error bars 
show the 95% confidence interval of the mean 
5.1.2 Toxicants 
Of all of the toxicant metals in Table 5.1, aluminium (Al), boron (B), chromium (Cr) 
and silver (Ag) have baseline levels that greatly exceed the AADTVTLR at all sites, 
and zinc (Zn) exceeded the AADTVTLR at Emu Creek and Ningbing Road spring. 
However, chromium and silver have LOR values 100 and 50 times higher, 
respectively, than their AADTVTLRs and were at concentrations lower than the LOR 
in more than two-thirds of samples from all sites. Consequently, we recommend that 
if the baseline data for these metals is used as compliance reference data, it is 
treated with caution. Instead, and in keeping with the conservative philosophy of 
ANZECC and ARMCANZ (2000), the AADTVTLRs should be used. It should also be 
noted that using silver and chromium in a routine compliance context is problematic 
because they have AADTVTLRs that are less than the LORs that are routinely 
achievable by laboratories in Australia (NMI 2013). 
The baseline concentration of aluminium exceeded the AADTVTLR at all sites and by 
factors of 28 and 52 times the AADTVTLR at Emu Creek and Eight Mile Creek, 
respectively. It also exceeded even the lowest level of aquatic species protection — 
the 80% species protection level (Table C1). The baseline concentration of boron 
also exceeded the AADTVTLR at each site — by a factor of 2.0 in Emu Creek, 1.1 in 
Eight Mile Creek and 1.4 in the Ningbing Road spring. In Emu Creek and the 
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Ningbing Road spring, the baseline concentration of zinc exceeded the 90% species 
protection level for northern Australian fresh waters. 
Bennett and George (2014) also reported baseline concentrations of aluminium, 
silver and zinc greatly exceeding the AADTVTLR in the Keep River and Border 
Creek. They proposed that high levels of aluminium, silver and zinc (and lead) are 
attributable to natural geologic conditions in the catchments because the Keep River 
and Border Creek catchments contain significant outcrops containing metal 
mineralisation. Therefore, run-off waters are likely to contain naturally occurring metal 
mineralisation. 
The rest of the toxicants have baseline concentrations below their AADTVTLR 
(Table 5.1). However, it was not possible to compare the baseline concentrations of 
several metals to an AADTVTLR because, although listed as being an aquatic 
toxicant in ANZECC and ARMACANZ (2000), no AADTVTLRs for these metals have 
been assigned. Some of these metals will have AADTVTLRs recommended as part 
of a forthcoming review of the ANZECC and ARMACANZ (2000) guidelines (C 
Humphrey [Supervising Scientist Division, Commonwealth Government] 2013, pers. 
comm., 5 November). 
Atrazine, plus the additional chemical toxicants analysed, were always below the 
LOR, which was also less than their respective AADTVTLRs. Ammonium (NH3 N) 
and nitrate (NO3 N) can also be classified as toxicants when present in high 
concentrations; however, their baseline concentrations were well below their toxicant 
AADTVTLRs (data not shown). 
5.2 Source and scale of run-off 
Cockatoo Sands have a relatively high hydraulic conductivity of 0.9–1.4m/d, 
depending on whether they are the loamy or clayey-sand variants (Smolinski et al. 
2015, Bennett et al. in prep.). Their high hydraulic conductivity — indicating their 
ability to allow water to infiltrate at high rates — may explain the field observations 
that, even after the extreme rainfall (about 600mm) and run-off during the February 
2014 storm (Chapter 4.1), there was little evidence of run-off from undisturbed areas 
of Cockatoo Sands, even on steeper slopes. Evidence of significant run-off, including 
debris collected and deposited by flowing water, sheet or rill erosion, was absent. 
However, the February storm did cause large and rapid rises of about 5m in 
watertables in most of the Cockatoo Sands in the Victoria Highway area (Bennett et 
al. in prep.). The large and rapid watertable response indicates that most of the high-
intensity rainfall infiltrated the Cockatoo Sands areas rather than becoming run-off. 
The apparent absence of run-off directly generated from areas of Cockatoo Sands is 
also perhaps the reason why there are no defined creek systems within them. 
Chapter 2.1 reports that some creeklines originating from rocky hills become 
undefinable once they reach areas of Cockatoo Sands, presumably because the flow 
infiltrates the sandy soil. 
Combined, the areas of rock outcrop, areas of clayey-textured soils and areas with 
shallow watertables lower in the catchment, generate most of the run-off at the 
38 
Cockatoo Sands: surface water quality 
catchment-scale. Soil mapping data (Smolinski et al. 2015), watertable data (Bennett 
et al. in prep) and aerial photograph interpretation was used to determine the 
proportions of the monitored catchments that contain areas of Cockatoo Sands, rock 
outcrop or shallow watertables. 
Cockatoo Sands comprise only 13% and 7% of the Emu Creek and Eight Mile Creek 
monitored subcatchments, respectively; a much lower proportion than the high run-off 
generating areas of rock and wet soils (Table 5.2). Most of the catchment run-off is 
likely to be generated from the wet soils within the Emu Creek Catchment and the 
rocky areas within Eight Mile Creek Catchment, rather than from the relatively small 
areas of Cockatoo Sands, especially since they have low run-off characteristics. 
In contrast, assuming the source of the Ningbing Road spring water comes from a 
groundwater catchment that aligns with the topographic catchment, at least 67% of 
the discharged water potentially comes from areas overlain by Cockatoo Sands. An 
even greater proportion is likely because Cockatoo Sands have high recharge 
properties, based on the hydraulic conductivity, watertable response and low run-off 
characteristics. 
Table 5.2 Proportions of monitored subcatchments containing Cockatoo Sands, rock 
outcrop and wet areas 
Monitoring site 
Cockatoo 
Sands (%) 
Rock 
outcrop (%) 
Wet soils 
(%) 
Other 
soils (%) 
Emu Creek  13 17 44 28 
Eight Mile Creek 7 44 13 35 
Ningbing Road spring*  67 7 2 24 
* Groundwater catchment is assumed to align with the topographic catchment. 
Agriculturally suitable Cockatoo Sands comprise relatively small areas of the entire 
catchments that contain them (Table 2.1). In the Victoria Highway area, Cockatoo 
Sands (2300ha total) comprise only 8% of the Emu Creek Catchment, 2.7% of the 
Eight Mile Creek Catchment and just 0.4% of the 351 000ha, Keep River Catchment. 
In the Carlton Hill area, Cockatoo Sands (6510ha total) comprise 42% of the D2 
Catchment, 21% of the combined D2/D4 Catchment and just 0.5% of the Border 
Creek Catchment. The D2/D4 and the Border Creek catchments contain similar-sized 
areas of land developed for flood-irrigated agriculture. 
Within the existing ORIA, severe erosion has been reported on the relatively small 
areas of sprinkler or dripper-irrigated sandplain soils. The soils in these areas are 
sometimes erroneously termed Cockatoo Sands. However, Smolinski et al. (2015) 
noted that these areas contain Pago sands (Dixon & Petheram 1979) or other 
intergrade soils that form in areas that were wet prior to development, such as along 
flow lines or in pre-existing swamps that have naturally shallow watertables. In the 
Emu Creek Catchment, we observed severe erosion of Pago sands along a cleared 
fenceline, which, because of its alignment, collects and concentrates run-off from a 
large sandstone range (Figure 5.2). The site shown in Figure 5.2 is also an area that 
has permanently shallow (less than 2m) watertables (Bennett et al. in prep.). 
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Figure 5.2 Erosion of Pago sands caused by run-off from a sandstone range in the 
February 2014 storm. The sands have been deposited along a cleared fenceline in 
the Emu Creek Catchment 
Cleared and compacted areas, such as well-used tracks and stock yards, within the 
Cockatoo Sands areas generate some run-off which causes minor erosion over short 
distances. While this observation indicates that run-off and erosion could occur on 
developed Cockatoo Sands, the magnitude of run-off and erosion is unlikely to be as 
large as occurs on Pago sand and other wet and sandy soils, unless the developed 
areas are not well managed, designed to minimise run-off, or are located in areas 
that receive run-off from other land types. 
5.3 Potential effect of agricultural development on water quality 
The D4 Catchment contains large areas of agriculturally developed clayey soils that 
generate significant run-off and it also has an extensive drainage system. By 
comparing the surface water quality from this catchment to the baseline water quality 
of the (at the time undeveloped) Border Creek Catchment, Bennett and George 
(2014) showed that out of a wide range of physicochemical water quality parameters, 
the nutrients nitrogen and phosphorus were the parameters that elevated under 
agricultural development. They reported much greater concentrations of the soluble 
forms of these nutrients in run-off from the flood-irrigated agricultural catchment than 
from the natural catchment state. 
The evidence from the D4 Catchment indicates that agricultural development of the 
Cockatoo Sands areas may also lead to elevated levels of nitrogen and phosphorus 
in run-off water. However, there are some important differences between the 
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Cockatoo Sands areas that could be developed and the existing agriculturally 
developed land in the D4 Catchment. Cockatoo Sands are not able to be flood-
irrigated because of their inherently high infiltration properties; they will require 
irrigation using pressurised systems, such as overhead sprinklers or water-emitting 
drippers. These systems greatly reduce the amount of run-off generated by irrigation, 
compared to traditional flood-irrigation methods, as used on the black soil clays of the 
ORIA. Also, pressurised systems do not need an enhanced drainage network, as is 
required with flood-irrigation systems. 
These features mean that agriculturally developed areas of Cockatoo Sands are 
likely to generate much less run-off than similar areas of flood irrigation. Lesser run-
off, together with the small proportion they occupy within the catchments, means that 
developing Cockatoo Sands will pose a lower environmental risk to downstream 
aquatic environments than the traditional agricultural development that has occurred 
in the East Kimberley region. 
However, it is likely that Cockatoo Sands areas could generate more run-off once 
they are cleared and developed for irrigated agriculture. This increase could happen 
as a result of: 
• over-irrigation reducing the run-off threshold 
• cultivation and compaction altering the surface-soil permeability properties 
• over-irrigation, combined with the removal of deep-rooted natural vegetation, 
causing watertables to rise 
• inappropriate alignment of cultivation or other farm structures concentrating and 
directing run-off. 
These risks could be mitigated by using appropriate irrigation application 
methodologies, appropriate cultivation techniques and alignment, choosing 
appropriate crops, dewatering the aquifer and reusing the groundwater, and carefully 
designing farm layout and infrastructure placement. 
As noted in Chapter 2.1, the Emu Creek monitored subcatchment contains a small 
community (seven dwellings) beside the creek, just upstream of the monitoring site. It 
is possible the community contributes to the concentrations of some of the stressor 
and toxicant parameters in Emu Creek’s discharge and therefore were recorded 
during this baseline assessment. The contribution could not be quantified; however, 
except for TN, there were no water quality parameters that were statistically 
significantly higher (at the 95% confidence level) in Emu Creek than Eight Mile 
Creek. Therefore, we conclude that the community has a low, water quality footprint, 
which is expected from such a small community within a relatively large catchment. 
Notwithstanding any perceived or actual effects from the community, the baseline 
data presented reflects the water quality in the catchment under the prevailing land 
use. 
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5.4 Aquatic system classification 
The physicochemical baseline data indicate that Emu Creek, Eight Mile Creek and 
the Ningbing Road spring systems are best classified as Category 2 systems under 
ANZECC and ARMCANZ (2000) guidelines, because they are ‘slightly to moderately 
disturbed’, rather than Category 1, which is a ‘high conservation/ecological value 
system’. The lower ecological classification is a result of the influence of natural 
(terrestrial vegetation growth dynamics and run-off dynamics) and anthropogenic 
(rangeland cattle grazing) factors. It was not possible to quantify the relative influence 
of each of the natural and anthropogenic factors on the baseline condition of the 
catchments. However, it does appear that the anthropogenic influences currently do, 
and will when developed, affect the nutrient aquatic stressors nitrogen and 
phosphorus. 
Therefore, based on the baseline data reported and in accordance with ANZECC and 
ARMCANZ (2000) guidelines, it is appropriate that site-specific, local trigger values 
are developed using this baseline data, should they be required by environmental 
regulators as a reference for compliance monitoring (or similar) of the effect of any 
future agricultural development of the Cockatoo Sands areas. 
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6 Conclusion 
This report describes the methodology, data and analyses used to derive the 
baseline physicochemical water quality conditions of run-off from two surface water 
catchments and one small groundwater-fed catchment that contain areas of 
Cockatoo Sands soils near Kununurra. This assessment was undertaken in 
anticipation of baseline results being required for environmental compliance, should 
areas of suitable Cockatoo Sands be developed for irrigated agriculture in the future. 
Deriving the baseline data largely followed the data analysis and interpretation 
procedures recommended by ANZECC and ARMCANZ (2000). To fulfil the 
conservative intent of the ANZECC and ARMCANZ guidelines, practical 
modifications to data analyses and interpretation procedures were undertaken for 
some data. These modifications were mainly concerning the use of chemical 
analyses results that were below the limit of reporting and for instances where 
modification was required, the methodology is explained. The need for these 
modifications could be considered and factored into any future review of the 
ANZECC and ARMCANZ guidelines. 
In the Victoria Highway area, the creek systems fed by catchments containing areas 
of Cockatoo Sands are highly dynamic and rapidly respond to prevailing rainfall 
conditions. Even though current land use in the catchment is predominantly low 
intensity cattle grazing, the baseline analysis indicates that Emu Creek and Eight Mile 
Creek are more appropriately classified as ‘moderately disturbed’ rather than being 
‘high conservation/ecological value’ systems, as might be expected given the current 
land use. This conclusion results from many of the baseline physicochemical 
parameter levels exceeding the corresponding expected levels for high 
conservation/ecological value systems, as recommended by ANZECC and 
ARMCANZ (2000). In particular, the revised classification is based on the high 
nutrient concentrations in discharge and the high concentrations of some metals. 
Similarly, the baseline conditions of Border Creek — the catchment of which contains 
a relatively small part of the Carlton Hill area of Cockatoo Sands — are more 
appropriately classified as moderately disturbed, with higher than anticipated 
baseline concentrations of nutrients and some metals (Bennett & George 2014). 
Based on their inherent physical attributes and their small relative size, Cockatoo 
Sands areas directly contribute only a small proportion of the run-off in their 
catchments and so have a small physicochemical footprint in terms of the surface 
water quality parameters reported. Their relative contribution will likely increase if 
developed for irrigated agriculture, although not to the same extent as for the 
traditional flood-irrigated developments in the area. Suitable Cockatoo Sands areas 
comprise a small proportion (0.01–0.11%) of the catchments that contribute run-off to 
the important receiving aquatic environments of the lower Ord and Keep rivers. 
In accordance with the baseline results from this assessment, should environmental 
compliance monitoring be required in future, it is appropriate that local trigger values 
are derived from the results reported here, together with those reported by Bennett 
and George (2014) for the Border Creek Catchment. 
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Appendix A Geology of the study areas 
 
Figure A1 Geology of the Victoria Highway area (reproduced from Plumb & Veevers 
1971) 
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Figure A2 Geology of the Carlton Hill area (reproduced from Plumb & Veevers 1971)  
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Appendix B Summary data for the Emu Creek culvert pool 
Table B1 Summary data for ANZECC and ARMCANZ (2000) listed aquatic 
environmental stressors and toxicants in water samples collected from the Emu 
Creek culvert pool during periods of no active surface flow. All units are mg/L, unless 
otherwise stated 
Analyte 
Number 
of 
samples 
Proportion 
of samples 
<LOR (%) Mean Median COV 
80th 
percentile 
20th 
percentile 
Stressors        
Temp. (°C) 14 0 26.3 25.1 0.19 29.9 21.9 
pH 16 0 7.88 7.85 0.05 8.20 7.50 
EC (mS/m) 15 0 54 57 0.38 70 44 
Turbidity (NTU) 13 0 18 19 0.61 28 6 
TSS  15 0 26 17 0.98 42 8 
DO (%) 12 0 44 35 0.99 64 11 
Chlor. a  13 0 0.042 0.015 1.35 0.057 No data 
TN  15 0 1.44 1.40 0.65 1.92 No data 
NOx/NO3 N* 15 87 0.006 0.005 0.36 0.005 No data 
NH3 N 15 13 0.052 0.026 1.13 0.065 No data 
TP 15 0 0.10 0.07 0.94 0.17 No data 
SRP* 15 40 0.011 0.006 0.88 0.018 No data 
Toxicants        
Al 13 46 0.136 0.008 3.23 0.032 No data 
Sb*  12 100 0.0005 0.0005 0.00 0.0005 No data 
As*  13 54 0.0010 0.0005 0.66 0.0019 No data 
Be*  14 100 0.0005 0.0005 0.00 0.0005 No data 
Bi*  14 100 0.0005 0.0005 0.00 0.0005 No data 
B  13 0 0.21 0.20 0.20 0.26 No data 
Cd*  13 100 0.0001 0.0001 0.00 0.0001 No data 
Cr*  13 85 0.0007 0.0005 0.68 0.0005 No data 
Co*  13 92 0.0006 0.0005 0.48 0.0005 No data 
Cu*  13 92 0.0005 0.0005 0.26 0.0005 No data 
Ga* 14 100 0.0005 0.0005 0.00 0.0005 No data 
Fe  13 0 0.426 0.200 1.20 0.678 No data 
La*  14 100 0.0005 0.0005 0.00 0.0005 No data 
Pb*  13 100 0.0005 0.0005 0.00 0.0005 No data 
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Analyte 
Number 
of 
samples 
Proportion 
of samples 
<LOR (%) Mean Median COV 
80th 
percentile 
20th 
percentile 
Mn  13 8 0.1675 0.0070 2.19 0.0788 No data 
Hg*  13 100 0.00005 0.00005 0.00 0.00005 No data 
Mo*  13 92 0.0005 0.0005 0.26 0.0005 No data 
Ni*  13 85 0.0007 0.0005 0.66 0.0005 No data 
Se*  13 77 0.0007 0.0005 0.50 0.0009 No data 
Ag* 13 100 0.0005 0.0005 0.00 0.0005 No data 
Tl* 13 92 0.0006 0.0005 0.68 0.0005 No data 
Sn*  13 100 0.0005 0.0005 0.00 0.0005 No data 
U*  14 100 0.0005 0.0005 0.00 0.0005 No data 
V* 12 75 0.0009 0.0005 0.90 0.0010 No data 
Zn*  13 85 0.0008 0.0005 0.94 0.0005 No data 
Atra.* 14 100 0.00005 0.00005 0.00 0.00005 No data 
Hexa.* 12 100 0.00005 0.00005 0.00 0.00005 No data 
Metri.* 12 100 0.00005 0.00005 0.00 0.00005 No data 
Prom.* 12 100 0.00005 0.00005 0.00 0.00005 No data 
Sima. 12 100 0.00005 0.00005 0.00 0.00005 No data 
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Appendix C ANZECC and ARMCANZ (2000) default trigger 
values for lowland rivers in tropical Australia 
 
Figure C1 Relationships between the factors applied to trigger values of selected 
metals and water hardness (source: ANZECC & ARMCANZ 2000) 
Table C1 AADTVTLRs applicable to freshwater lowland rivers for the stressors and 
toxicants at different levels of species protection. All units are mg/L, unless otherwise 
stated 
Parameter Lowland river 
 
Freshwater 
 Species protection level n.a. 99% 95% 90% 80% 
Stressors      
Temp. (°C)* No data No data No data No data No data 
pH† 6–8 No data No data No data No data 
EC (mS/m)‡ 2 to 25 No data No data No data No data 
Turbidity (NTU)‡ 2 to 15 No data No data No data No data 
TSS (mg/L)‡ 2 to 15 No data No data No data No data 
DO (%)† 85–120 No data No data No data No data 
Chlor. a  0.005 No data No data No data No data 
TN  0.30 No data No data No data No data 
NOx/NO3 N 0.01 No data No data No data No data 
Cd = 0.0489x0.889
Cr = 0.0619x0.8185
Cu = 0.0551x0.8891
Pb = 0.0133x1.2682
Ni and Zn = 0.0553x0.8493
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Parameter Lowland river 
 
Freshwater 
 Species protection level n.a. 99% 95% 90% 80% 
NH3 N 0.01 No data No data No data No data 
TP 0.010 No data No data No data No data 
SRP 0.004 No data No data No data No data 
Metal toxicants      
Al (pH >6.5) No data 0.027 0.055 0.080 0.150 
Sb  No data ID ID ID ID 
As  No data 0.001 0.024 0.094 0.360 
Be  No data ID ID ID ID 
Bi  No data ID ID ID ID 
B  No data 0.09 0.37 0.68 1.30 
Cd§ No data 0.00006 0.0002 0.0004 0.0008 
Cr§ No data 0.00001 0.001 0.006 0.04 
Co  No data ID ID ID ID 
Cu§ No data 0.001 0.0014 0.0018 0.0025 
Ga No data ID ID ID ID 
Fe  No data ID ID ID ID 
La  No data ID ID ID ID 
Pb § No data 0.001 0.0034 0.0056 0.0094 
Mn  No data 1.2 1.9 2.5 3.6 
Hg  No data 0.00006 0.0006 0.0019 0.0054 
Mo  No data ID ID ID ID 
Ni§ No data 0.008 0.011 0.013 0.017 
Se  No data 0.005 0.011 0.018 0.034 
Ag No data 0.00002 0.00005 0.0001 0.0002 
Tl No data ID ID ID ID 
Sn  No data ID ID ID ID 
U  No data ID ID ID ID 
V No data ID ID ID ID 
Zn§ No data 0.0024 0.008 0.015 0.031 
Other toxicants      
NH3 N No data 0.32 0.9 1.43 2.30 
NOx N or NO3 N No data 0.017 0.7 3.4 17 
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Parameter Lowland river 
 
Freshwater 
 Species protection level n.a. 99% 95% 90% 80% 
Farm chemicals      
Atra. No data 0.0007 0.013 0.045 0.150 
Hexa. No data ID ID ID ID 
Metri. No data ID ID ID ID 
Prom. No data ID ID ID ID 
Sim. No data 0.0002 0.0032 0.02 0.035 
n.a. Not applicable. 
* 20th and 80th percentile of temperature recorded during baseline period. 
† Range represents the upper and lower limits. 
‡ Range of maximum limit values dependant on location, catchment and flow conditions. 
§ Values require adjustment for water hardness according to relationships in Figure A1. 
ID  AADTVTLR is not determined. 
Source: ANZECC and ARMCANZ (2000). 
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Table D1 Summary data for additional physicochemical parameters collected from Emu Creek, Eight Mile Creek and Ningbing Road spring. All units are mg/L 
No data 
 
Emu Creek, flowing 
 
Emu Creek culvert pool, not flowing  
 
Eight Mile Creek, flowing 
 
Ningbing Road spring 
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Nutrients No data No data No data No data No data No data No data No data No data No data No data No data No data No data No data No data No data No data No data No data 
NO2 N 27 0.006 0.005 0.45 0.005 15 0.005 0.005 0* 0.005 13 0.005 0.005 0.26 0.005 6 0.005 0.005 0* 0.005 
NO3 N 25 0.007 0.005 0.81 0.005 15 0.006 0.005 0.36 0.005 13 0.007 0.005 0.89 0.005 5 0.005 0.005 0* 0.005 
SON 26 0.42 0.39 0.60 0.54 15 0.78 0.60 0.60 1.24 13 0.24 0.28 0.48 0.32 5 0.22 0.20 0.56 0.31 
TON 25 0.53 0.45 0.62 0.67 15 1.33 1.30 0.71 1.84 13 0.36 0.33 0.53 0.47 5 0.54 0.24 0.95 0.92 
TSN 26 0.53 0.48 0.48 0.69 15 0.88 0.82 0.54 1.26 13 0.28 0.31 0.42 0.35 5 0.49 0.32 0.94 0.58 
SOP 26 0.009 0.006 1.08 0.011 15 0.010 0.005 0.91 0.017 13 0.006 0.003 0.96 0.008 4 0.008 0.008 0.38 0.010 
TOP 26 0.022 0.016 1.06 0.025 15 0.088 0.060 1.03 0.154 13 0.021 0.018 1.20 0.024 4 0.025 0.015 0.94 0.033 
TSP 26 0.016 0.007 1.55 0.020 15 0.020 0.014 0.82 0.033 13 0.010 0.006 0.98 0.018 4 0.014 0.015 0.55 0.020 
TRP 11 0.010 0.005 0.67 0.020 2 0.005 0.005 0* 0.005 2 0.008 0.008 0.47 0.009 4 0.006 0.005 0.40 0.007 
TPP 11 0.010 0.010 0.59 0.010 2 0.005 0.005 0* 0.005 2 0.005 0.005 0* 0.005 4 0.023 0.015 0.84 0.032 
General chemistry  No data No data No data No data No data No data No data No data No data No data No data No data No data No data No data No data No data No data No data No data 
Acidity 20 5.4 5.0 0.39 6.0 13 5.8 5.0 0.78 11.2 13 2.8 2.0 0.60 4.6 5 3.8 3.0 0.73 5.6 
Ion bal. 3 -2 -4 -2.04 0 0 IND IND IND IND 1 -8 -8 IND -8 4 -1 -1 -1.61 0 
Alk. 20 63 61 0.41 71 13 171 160 0.28 206 13 60 52 0.51 87 6 314 319 0.07 330 
CO3  5 0.5 0.5 0.00 0.5 0 IND IND IND IND 2 0.5 0.5 0* 0.5 6 0.5 0.5 0* 0.5 
DOC  23 8.6 8.0 0.36 11.0 15 10.8 8.0 0.56 19.0 13 4.8 5.0 0.30 6.0 4 5.4 5.6 0.18 5.9 
Hard. 20 43 44 0.36 54 13 66 66 0.33 78 13 65 41 0.75 111 6 295 300 0.08 310 
HCO3  5 59 61 0.29 73 0 IND IND IND IND 2 47 47 0.48 57 6 383 389 0.07 403 
OH 2 0.5 0.5 0* 0.5 0 IND IND IND IND 1 0.5 0.5 0* 0.5 6 0.5 0.5 0* 0.5 
SO4 S  17 7.8 4.1 1.06 14.8 8 2.6 1.5 0.87 4.9 8 1.9 1.7 0.70 2.0 6 9.4 9.6 0.28 10.8 
TDS 180 16 204 215 0.41 260 13 351 340 0.23 416 13 140 150 0.49 206 3 363 370 0.06 376 
TDS sum  11 131 120 0.55 200 2 92 92 0.43 109 1 37 37 IND 37 6 342 340 0.09 370 
Other elements/farm chemicals No data No data No data No data No data No data No data No data No data No data No data No data No data No data No data No data No data No data No data No data 
Ba  20 0.065 0.056 0.55 0.088 13 0.109 0.100 0.37 0.132 11 0.321 0.270 0.54 0.460 6 0.362 0.345 0.17 0.430 
Ca  20 7.7 6.5 0.67 9.6 13 12.1 12.0 0.26 14.8 12 11.4 8.7 0.69 17.6 6 54.4 52.9 0.09 59.8 
K  20 12.7 9.5 0.71 14.6 13 46.2 45.0 0.37 56.2 11 2.8 2.9 0.33 3.5 6 10.2 8.2 0.58 8.3 
Li  20 0.002 0.002 0.51 0.003 14 0.003 0.003 0.19 0.004 12 0.001 0.001 0.63 0.001 6 0.003 0.003 0.34 0.003 
 
 No data 
 
Emu Creek, flowing 
 
Emu Creek culvert pool, not flowing  
 
Eight Mile Creek, flowing 
 
Ningbing Road spring 
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Mg  20 6.1 6.2 0.41 8.2 13 11.9 12.0 0.19 13.6 12 8.5 5.9 0.72 12.2 6 32.5 38.9 0.50 39.8 
Na  26 39 36 0.55 57 16 66 75 0.38 82 12 16 12 0.56 25 6 19 18 0.26 25 
Si  20 8.0 8.5 0.36 10.0 14 7.5 7.3 0.54 9.9 12 12.7 11.0 0.37 14.6 6 14.5 14.5 0.24 17.0 
Ti 19 0.017 0.008 1.35 0.026 14 0.006 0.003 1.85 0.004 12 0.025 0.022 1.11 0.033 4 0.002 0.001 0.63 0.002 
* Analysis was less than LOR for all samples collected. 
IND Insufficient data.  
 
 Appendix E Physicochemical data collected during the study 
Table E1 Data for water quality stressor parameters obtained from the Emu Creek, Eight Mile Creek and Ningbing Road spring sites. All units are mg/L, unless otherwise stated 
Site Date/time 
Field Temp. 
(°C) Field pH Lab. pH 
Field EC 
(mS/m) 
Lab. EC 
(mS/m) 
Field 
Turbidity 
(NTU) 
Lab. 
Turbidity 
(NTU) TSS 
Field DO 
(%) Chlor. a TN 
NO3 N or  
NOx N NH3 N TP SRP 
Emu Creek (flow) 26/11/2010 12:00 no data no data 9.1 no data 32 no data no data 11 no data no data 1.10 <0.01 <0.01 0.030 0.010 
Emu Creek (flow) 17/01/2011 12:00 no data no data 8.7 no data 40 no data no data 35 no data no data 0.66 <0.01 0.010 0.010 <0.01 
Emu Creek (flow) 15/02/2011 12:00 no data no data 8.4 no data 11 no data no data 25 no data no data 0.41 <0.01 0.010 <0.01 <0.01 
Emu Creek (flow) 16/02/2011 12:00 no data no data 7.8 no data 12 no data no data 58 no data no data 0.56 <0.01 0.020 0.040 0.020 
Emu Creek (flow) 22/02/2011 12:00 no data no data 8.2 no data 13 no data no data 14 no data no data 0.44 <0.01 <0.01 <0.01 <0.01 
Emu Creek (flow) 19/05/2011 12:00 no data no data 8.0 no data 30 no data no data 6 no data no data 0.40 <0.01 <0.01 0.020 <0.01 
Emu Creek (flow) 20/11/2011 12:00 28.7 7.3 7.5 17 18 13 12 12 no data no data 0.63 <0.01 0.050 0.050 0.010 
Emu Creek (flow) 9/03/2012 13:10 32.5 7.1 7.3 14 15 16 11 2 75 <0.001 0.49 <0.01 0.020 0.030 0.010 
Emu Creek (flow) 2/04/2012 16:40 32.2 7.8 7.5 40 40 10 10 4 101 no data 0.92 <0.05 0.020 0.010 <0.01 
Emu Creek (flow) 8/04/2013 12:00 no data no data no data no data no data 16 no data no data no data no data no data no data no data no data no data 
Emu Creek (flow) 9/04/2013 12:00 no data no data 7.5 no data 50 no data 15 NSS no data <0.001 1.20 0.010 0.060 0.050 <0.01 
Emu Creek (flow) 25/07/2014 12:00 24.3 8.3 7.6 25 19 no data 10 11 72 no data 0.41 no data <0.01 0.030 <0.01 
Emu Creek (flow) 4/04/2012 7:15 no data 7.3 no data no data 39 no data 9 5 no data no data 0.54 no data 0.011 0.019 <0.005 
Emu Creek (flow) 31/05/2012 11:11 18.8 8.1 7.6 50 52 no data 2 <1 53 no data 0.46 <0.01 0.023 0.012 <0.005 
Emu Creek (flow) 27/06/2012 0:00 16.8 6.8 7.6 42 50 no data 2 1 58 0.005 0.47 <0.01 <0.01 0.016 <0.005 
Emu Creek (flow) 12/11/2012 8:45 28.0 7.0 7.4 28 29 no data 64 27 11 0.022 1.10 0.029 0.066 0.200 0.083 
Emu Creek (flow) 12/12/2012 10:30 28.8 7.2 7.4 38 37 no data 14 11 15 0.024 1.40 <0.01 0.013 0.075 0.006 
Emu Creek (flow) 9/01/2013 9:45 29.7 7.5 7.2 26 27 no data 10 6 45 0.015 1.30 <0.01 0.062 0.061 0.017 
Emu Creek (flow) 6/02/2013 8:58 no data no data 7.2 no data 30 no data 9 12 14 0.03 0.65 0.028 0.016 0.041 0.005 
Emu Creek (flow) 6/03/2013 11:30 no data no data 7.5 no data 44 no data 7 21 32 0.009 0.67 <0.01 0.017 <0.005 <0.005 
Emu Creek (flow) 3/04/2013 11:15 no data no data 7.2 no data 54 no data 16 4 72 0.002 0.62 <0.01 0.015 0.025 0.009 
Emu Creek (flow) 4/02/2014 11:35 no data no data 7.3 no data 61 no data 20 3 74 0.003 0.74 <0.01 <0.01 0.019 <0.005 
Emu Creek (flow) 10/02/2014 9:30 no data no data 7.2 no data 6 no data 24 8 no data <0.001 0.29 <0.01 <0.01 0.019 <0.005 
Emu Creek (flow) 4/03/2014 10:20 no data no data 7.3 no data 22 no data 22 4 67 0.002 0.57 <0.01 0.039 0.021 <0.005 
Emu Creek (flow) 1/04/2014 11:15 no data no data 7.7 no data 37 no data 17 6 100 0.005 0.44 <0.01 <0.01 0.020 <0.005 
Emu Creek (flow) 29/04/2014 11:36 no data no data 7.3 no data 23 no data 11 4 83 0.004 0.47 <0.01 <0.01 <0.005 <0.005 
Emu Creek (flow) 27/05/2014 10:00 no data no data 7.5 no data 24 no data 8 5 69 0.006 0.41 <0.01 <0.01 0.019 <0.005 
Emu Creek (flow) 24/06/2014 10:00 no data no data 7.4 no data 21 no data 10 5 72 0.007 0.45 <0.01 0.010 0.026 <0.005 
Emu Creek (no flow) 9/09/2011 12:00 no data no data 7.6 no data 5 no data no data 39 no data no data 0.20 <0.01 0.010 0.010 <0.01 
Emu Creek (no flow) 10/09/2011 12:00 no data no data 8.3 no data 25 no data no data 9 no data no data 1.20 <0.01 0.020 0.010 <0.01 
Emu Creek (no flow) 25/07/2012 11:00 20.3 7.3 7.7 41 46 no data 3 2 58 0.004 0.45 <0.01 0.026 0.016 <0.005 
Emu Creek (no flow) 22/08/2012 9:05 20.1 7.8 7.9 47 50 no data 5 4 58 0.001 0.65 <0.01 0.062 0.029 <0.005 
Emu Creek (no flow) 20/09/2012 10:50 24.3 7.0 8.2 59 57 no data 5 4 144 0.004 0.63 <0.01 0.016 0.016 <0.005 
 
 Site Date/time 
Field Temp. 
(°C) Field pH Lab. pH 
Field EC 
(mS/m) 
Lab. EC 
(mS/m) 
Field 
Turbidity 
(NTU) 
Lab. 
Turbidity 
(NTU) TSS 
Field DO 
(%) Chlor. a TN 
NO3 N or  
NOx N NH3 N TP SRP 
Emu Creek (no flow) 17/10/2012 8:50 25.8 6.8 7.5 49 50 no data 9 10 12 0.013 1.00 <0.01 <0.01 0.086 0.018 
Emu Creek (no flow) 1/05/2013 13:10 23.8 7.6 8.5 44 53 no data 11 13 11 0.028 0.79 <0.01 <0.01 0.054 0.014 
Emu Creek (no flow) 29/05/2013 10:10 23.2 no data no data no data no data no data no data no data 5 no data no data no data no data no data no data 
Emu Creek (no flow) 26/06/2013 10:05 21.6 no data 7.8 no data no data no data no data no data 11 no data no data no data no data no data no data 
Emu Creek (no flow) 27/06/2013 10:05 no data no data 7.4 no data 60 no data no data 53 no data 0.19 1.90 <0.01 0.140 0.170 0.012 
Emu Creek (no flow) 24/07/2013 11:20 22.1 7.6 7.5 56 61 no data 24 34 65 0.015 1.60 <0.01 0.078 0.130 0.005 
Emu Creek (no flow) 21/08/2013 11:00 29.6 no data 7.9 73 68 no data 19 30 no data 0.068 1.80 <0.01 0.220 0.180 0.006 
Emu Creek (no flow) 18/09/2013 9:55 30.3 9.6 7.9 75 72 no data 26 53 no data 0.013 2.40 <0.01 0.026 0.200 <0.005 
Emu Creek (no flow) 16/10/2013 10:25 33.1 7.9 8.6 79 77 no data 28 18 96 0.037 1.70 0.011 0.047 0.074 0.008 
Emu Creek (no flow) 13/11/2013 12:20 28.7 8.4 8.2 90 83 no data 12 17 54 0.04 2.00 <0.01 0.061 0.094 0.034 
Emu Creek (no flow) 10/12/2013 0:00 37.5 7.4 7.8 85 69 no data 34 95 16 0.13 3.90 <0.01 0.018 0.350 0.023 
Emu Creek (no flow) 7/01/2014 10:45 28.2 7.2 7.2 48 38 no data 28 9 0 0.005 1.40 0.011 0.045 0.074 0.020 
Eight Mile Creek 9/03/2012 11:25 33.2 7.3 no data 6 no data 49 no data no data 103 no data no data no data no data no data no data 
Eight Mile Creek 21/06/2012 16:15 22.7 7.8 8.1 16 15 no data 93 20 61 no data 0.40 <0.01 <0.01 0.030 <0.01 
Eight Mile Creek 25/07/2012 12:00 23.3 7.3 7.8 48 18 no data 65 11 85 0.002 0.49 0.012 0.041 0.043 0.007 
Eight Mile Creek 6/02/2013 8:25 33.0 6.8 7.5 12 10 no data 30 16 78 0.006 0.40 0.028 <0.01 0.026 <0.005 
Eight Mile Creek 6/02/2013 8:25 33.0 6.8 no data 12 no data no data no data no data 78 no data no data no data no data no data no data 
Eight Mile Creek 6/03/2013 11:00 34.2 7.6 7.5 13 11 no data 41 17 69 0.002 0.34 <0.01 <0.01 <0.005 <0.005 
Eight Mile Creek 8/04/2013 12:00 29.4 7.6 7.6 6 6 17 16 NSS no data 0.003 0.38 <0.01 <0.01 <0.01 <0.01 
Eight Mile Creek 1/05/2013 13:10 29.3 8.5 8.6 12 15 no data 51 42 156 0.009 0.50 <0.01 <0.01 0.031 0.007 
Eight Mile Creek 7/01/2014 8:45 no data no data 7.4 no data 13 no data 9 3 no data 0.003 0.51 <0.01 <0.01 0.019 <0.005 
Eight Mile Creek 4/02/2014 11:11 30.0 8.2 7.1 7 7 no data 20 5 96 <0.001 0.34 <0.01 <0.01 0.006 <0.005 
Eight Mile Creek 4/03/2014 1:12 29.5 7.0 7.7 21 20 no data 20 4 89 <0.001 0.10 <0.01 0.012 0.012 <0.005 
Eight Mile Creek 1/04/2014 10:50 32.1 8.2 8.0 44 38 no data 18 8 100 0.002 0.16 <0.01 <0.01 0.007 <0.005 
Eight Mile Creek 29/04/2014 11:02 32.0 8.0 8.0 49 42 no data 16 11 95 0.002 0.23 <0.01 <0.01 <0.005 <0.005 
Eight Mile Creek 27/05/2014 9:30 26.6 8.1 7.9 35 35 no data 17 10 100 0.007 0.36 <0.01 0.036 0.027 0.006 
Eight Mile Creek 24/06/2014 10:30 24.2 8.2 8.5 38 38 no data 17 17 114 0.02 0.83 <0.01 <0.01 0.110 0.012 
Ningbing Road seep 8/09/2012 12:00 26.6 8.3 8.1 64 62 no data no data no data 138 no data 0.29 <0.01 0.010 0.010 <0.01 
Ningbing Road seep 22/05/2013 12:00 no data no data 7.8 no data 71 no data 7 NSS no data <0.001 0.84 <0.01 <0.01 0.020 <0.01 
Ningbing Road seep 26/06/2013 12:00 no data no data 8.2 no data 64 no data no data no data no data no data 0.18 <0.01 <0.01 <0.01 <0.01 
Ningbing Road seep 16/11/2013 12:00 32.6 7.9 8.0 70 72 28 no data <2 28 0.003 1.90 <0.01 0.520 0.070 0.010 
Ningbing Road seep 9/04/2014 12:00 31.1 8.1 8.1 62 58 no data 4 9 83 <0.001 0.48 no data <0.01 0.030 <0.01 
Ningbing Road seep 24/07/2014 12:00 22.7 8.3 8.0 64 57 no data 23 35 72 no data 0.44 no data 0.020 0.030 <0.01 
NSS Insufficient sample to undertake analysis.
 
 Table E2 Metal toxicant data obtained from the Emu Creek, Eight Mile Creek and Ningbing Road spring sites. All units are mg/L 
Site Time Al Sb As Be Bi B Cd Cr Co Cu Ga Fe La Pb Mn Hg Mo Ni Se Ag Tl Sn U V Zn 
Emu Creek (flow) 20/11/2011 12:00 0.009 <0.0001 <0.001 <0.0001 <0.0001 0.12 <0.0001 <0.0005 0.0004 0.0006 <0.0001 0.094 <0.005 0.0002 0.01 <0.0001 <0.001 <0.001 <0.001 <0.0001 0.0001 <0.0001 0.0001 0.0018 0.006 
Emu Creek (flow) 9/03/2012 13:10 0.82 <0.0001 <0.001 <0.0001 <0.0001 0.04 <0.0001 <0.001 <0.005 <0.002 0.0001 0.98 <0.005 0.0002 0.021 0.0002 <0.001 <0.001 <0.001 0.0001 <0.0001 <0.0001 0.0001 <0.005 0.032 
Emu Creek (flow) 2/04/2012 16:40 0.046 <0.0001 <0.001 <0.0001 <0.0001 0.09 <0.0001 <0.001 <0.005 0.003 <0.0001 2.4 <0.005 0.0005 0.067 <0.0001 <0.001 0.001 <0.001 <0.0001 <0.0001 <0.02 <0.0001 <0.005 0.009 
Emu Creek (flow) 9/04/2013 12:00 0.15 <0.0001 <0.001 <0.0001 <0.0001 0.11 <0.0001 <0.001 <0.005 0.0015 <0.0001 0.55 <0.005 0.0005 0.019 <0.0001 <0.001 <0.001 <0.001 0.0043 <0.0001 <0.02 0.0001 <0.005 0.026 
Emu Creek (flow) 25/07/2014 12:00 0.21 <0.0001 <0.001 <0.0001 <0.0001 0.1 <0.0001 <0.0005 0.0002 0.0024 <0.0001 0.3 no data 0.0006 0.029 <0.00005 <0.001 <0.001 <0.001 <0.0001 no data no data <0.0001 0.001 0.033 
Emu Creek (flow) 31/05/2012 11:11 0.027 <0.001 <0.001 <0.001 <0.001 0.25 <0.0001 <0.001 <0.001 <0.001 <0.001 0.077 <0.001 <0.001 0.002 <0.0001 0.0032 <0.001 <0.001 <0.001 no data <0.001 <0.001 <0.001 0.0036 
Emu Creek (flow) 27/06/2012 0:00 0.049 <0.001 <0.001 <0.001 <0.001 0.14 <0.0001 <0.001 <0.001 <0.001 <0.001 0.14 <0.001 <0.001 0.0095 <0.0001 <0.001 <0.001 <0.001 <0.001 no data <0.001 <0.001 <0.001 <0.001 
Emu Creek (flow) 12/11/2012 8:45 3.5 <0.001 0.003 <0.001 <0.001 0.17 <0.0001 <0.001 0.0019 0.0044 0.0012 1.9 0.0017 <0.001 0.069 <0.0001 0.0013 0.0046 <0.001 <0.001 <0.001 <0.001 <0.001 0.0066 0.01 
Emu Creek (flow) 12/12/2012 10:30 0.039 <0.001 0.0015 <0.001 <0.001 0.21 <0.0001 <0.001 <0.001 <0.001 <0.001 1.1 <0.001 <0.001 0.54 <0.0001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.0034 
Emu Creek (flow) 9/01/2013 9:45 0.29 <0.001 0.0011 <0.001 <0.001 0.22 <0.0001 <0.001 <0.001 0.0016 <0.001 1.2 <0.001 <0.001 0.011 <0.0001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.0025 
Emu Creek (flow) 6/02/2013 8:58 0.16 <0.001 <0.001 <0.001 <0.001 0.21 <0.0001 <0.001 <0.001 <0.001 <0.001 0.8 <0.001 <0.001 0.008 <0.0001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 
Emu Creek (flow) 6/03/2013 11:30 0.05 <0.001 <0.001 <0.001 <0.001 0.12 <0.0001 <0.001 <0.001 <0.001 <0.001 0.74 <0.001 <0.001 0.05 <0.0001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.001 0.005 
Emu Creek (flow) 3/04/2013 11:15 1.7 <0.001 <0.001 <0.001 <0.001 0.13 <0.0001 0.002 <0.001 0.001 <0.001 1.1 <0.001 <0.001 0.009 <0.0001 <0.001 0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.002 0.003 
Emu Creek (flow) 4/02/2014 11:35 0.36 <0.001 0.001 <0.001 <0.001 0.059 <0.0001 0.001 0.001 0.001 <0.001 1.4 <0.001 <0.001 0.099 <0.0001 <0.001 0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.001 0.001 
Emu Creek (flow) 10/02/2014 9:30 0.73 <0.001 <0.001 <0.001 <0.001 0.012 <0.0001 <0.001 <0.001 <0.001 <0.001 0.37 <0.001 <0.001 0.0018 <0.0001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.001 <0.001 
Emu Creek (flow) 4/03/2014 10:20 0.91 <0.001 <0.001 <0.001 <0.001 0.089 <0.0001 <0.001 <0.001 <0.001 <0.001 1.8 <0.001 <0.001 0.1 <0.0001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.002 0.002 
Emu Creek (flow) 1/04/2014 11:15 0.22 <0.001 0.001 <0.001 <0.001 0.1 <0.0001 <0.001 <0.001 0.001 <0.001 0.62 <0.001 <0.001 0.002 <0.0001 <0.001 0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.001 0.001 
Emu Creek (flow) 29/04/2014 11:36 0.51 <0.001 <0.001 <0.001 <0.001 0.066 <0.0001 <0.001 <0.001 <0.001 <0.001 0.72 <0.001 <0.001 0.005 <0.0001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.001 <0.001 
Emu Creek (flow) 27/05/2014 10:00 0.5 <0.001 <0.001 <0.001 <0.001 0.082 <0.0001 <0.001 <0.001 <0.001 <0.001 0.43 <0.001 <0.001 0.043 <0.0001 <0.001 <0.001 <0.001 <0.001 no data <0.001 <0.001 0.001 0.002 
Emu Creek (flow) 24/06/2014 10:00 0.6 <0.001 <0.001 <0.001 <0.001 0.071 <0.0001 <0.001 <0.001 <0.001 <0.001 0.47 <0.001 <0.001 0.002 <0.0001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.002 
Emu Creek (no 
flow) 
25/07/2012 11:00 0.028 <0.001 <0.001 <0.001 <0.001 0.2 <0.0001 <0.001 <0.001 <0.001 <0.001 0.2 <0.001 <0.001 0.032 <0.0001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.0011 0.0013 
Emu Creek (no 
flow) 
22/08/2012 9:05 0.027 <0.001 <0.001 <0.001 <0.001 0.19 <0.0001 <0.001 <0.001 <0.001 <0.001 0.27 <0.001 <0.001 0.013 <0.0001 <0.001 <0.001 <0.001 <0.001 0.002 <0.001 <0.001 <0.001 <0.001 
Emu Creek (no 
flow) 
20/09/2012 
10:50 
0.016 <0.001 <0.001 <0.001 <0.001 0.25 <0.0001 <0.001 <0.001 <0.001 <0.001 0.18 <0.001 <0.001 0.028 <0.0001 <0.001 <0.001 <0.001 <0.001 no data <0.001 <0.001 <0.001 <0.001 
Emu Creek (no 
flow) 
17/10/2012 8:50 0.035 <0.001 0.0022 <0.001 <0.001 0.27 <0.0001 0.0014 <0.001 <0.001 <0.001 0.51 <0.001 <0.001 0.0064 <0.0001 0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.0017 <0.001 
Emu Creek (no 
flow) 
1/05/2013 13:10 no data no data no data <0.001 <0.001 no data no data no data no data no data <0.001 no 
data 
<0.001 no data no data no data no data no data no data no data <0.001 no data <0.001 no data no data 
Emu Creek (no 
flow) 
29/05/2013 
10:10 
<0.005 <0.001 <0.001 <0.001 <0.001 0.16 <0.0001 <0.001 <0.001 <0.001 <0.001 0.032 <0.001 <0.001 <0.001 <0.0001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 no data <0.001 
Emu Creek (no 
flow) 
27/06/2013 
10:05 
<0.005 <0.001 <0.001 <0.001 <0.001 0.15 <0.0001 <0.001 <0.001 <0.001 <0.001 0.032 <0.001 <0.001 0.0014 <0.0001 <0.001 <0.001 0.0011 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 
Emu Creek (no 
flow) 
24/07/2013 
11:20 
0.008 <0.001 <0.001 <0.001 <0.001 0.18 <0.0001 <0.001 <0.001 <0.001 <0.001 0.1 <0.001 <0.001 0.0025 <0.0001 <0.001 <0.001 0.0011 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 
 
 Site Time Al Sb As Be Bi B Cd Cr Co Cu Ga Fe La Pb Mn Hg Mo Ni Se Ag Tl Sn U V Zn 
Emu Creek (no 
flow) 
21/08/2013 
11:00 
<0.005 <0.001 <0.001 <0.001 <0.001 0.19 <0.0001 <0.001 <0.001 <0.001 <0.001 0.066 <0.001 <0.001 0.0019 <0.0001 <0.001 <0.001 0.0015 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 
Emu Creek (no 
flow) 
18/09/2013 9:55 <0.005 <0.001 0.0011 <0.001 <0.001 0.21 <0.0001 <0.001 <0.001 <0.001 <0.001 0.31 <0.001 <0.001 0.0048 <0.0001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 
Emu Creek (no 
flow) 
16/10/2013 
10:25 
0.044 <0.001 0.0017 <0.001 <0.001 0.27 <0.0001 <0.001 0.0015 <0.001 <0.001 1.2 <0.001 <0.001 0.87 <0.0001 <0.001 0.0011 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 
Emu Creek (no 
flow) 
13/11/2013 
12:20 
<0.005 <0.001 0.002 <0.001 <0.001 0.26 <0.0001 <0.001 <0.001 <0.001 <0.001 0.79 <0.001 <0.001 1.1 <0.0001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 
Emu Creek (no 
flow) 
10/12/2013 0:00 <0.005 <0.001 0.001 <0.001 <0.001 0.23 <0.0001 <0.001 <0.001 <0.001 <0.001 0.15 <0.001 <0.001 0.007 <0.0001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 
Emu Creek (no 
flow) 
7/01/2014 10:45 1.6 <0.001 0.002 <0.001 <0.001 0.18 <0.0001 0.002 <0.001 0.001 <0.001 1.7 <0.001 <0.001 0.11 <0.0001 <0.001 0.002 <0.001 <0.001 <0.001 <0.001 <0.001 0.003 0.003 
Eight Mile Creek 25/07/2012 12:00 6 <0.001 <0.001 <0.001 <0.001 0.069 <0.0001 <0.001 <0.001 <0.001 <0.001 3.2 <0.001 <0.001 0.0051 <0.0001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.0025 <0.001 
Eight Mile Creek 6/02/2013 8:25 1.4 <0.001 <0.001 <0.001 <0.001 0.08 <0.0001 0.001 <0.001 <0.001 <0.001 1.7 <0.001 <0.001 0.006 <0.0001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 
Eight Mile Creek 6/03/2013 11:00 1.6 <0.001 <0.001 <0.001 <0.001 0.039 <0.0001 0.001 <0.001 0.001 <0.001 1.3 <0.001 <0.001 0.005 <0.0001 <0.001 0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.002 0.003 
Eight Mile Creek 9/04/2013 12:00 0.12 <0.0001 <0.001 <0.0001 <0.0001 0.04 <0.0001 <0.001 <0.005 0.001 <0.0001 0.37 <0.005 0.0006 0.006 <0.0001 <0.001 <0.001 <0.001 0.0024 <0.0001 <0.02 <0.0001 <0.005 0.036 
Eight Mile Creek 1/05/2013 13:30 no data no data no data <0.001 <0.001 no data no data no data no data no data 0.001 no data 0.001 no data no data no data no data no data no data no data <0.001 no data <0.001 no data no data 
Eight Mile Creek 7/01/2014 8:45 0.98 <0.001 0.001 <0.001 <0.001 0.036 <0.0001 0.001 <0.001 0.001 <0.001 1.7 <0.001 <0.001 0.004 <0.0001 <0.001 0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.002 0.001 
Eight Mile Creek 4/02/2014 11:11 0.21 <0.001 0.001 <0.001 <0.001 0.024 <0.0001 <0.001 <0.001 0.002 <0.001 1.1 <0.001 <0.001 0.033 <0.0001 <0.001 0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.001 0.005 
Eight Mile Creek 4/03/2014 10:05 0.68 <0.001 <0.001 <0.001 <0.001 0.091 <0.0001 <0.001 <0.001 <0.001 <0.001 1.1 <0.001 <0.001 0.035 <0.0001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 
Eight Mile Creek 1/04/2014 10:50 0.035 <0.001 0.001 <0.001 <0.001 0.11 <0.0001 <0.001 <0.001 <0.001 <0.001 0.11 <0.001 <0.001 0.092 <0.0001 <0.001 0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.001 0.001 
Eight Mile Creek 29/04/2014 11:02 0.21 <0.001 <0.001 <0.001 <0.001 0.1 <0.0001 <0.001 <0.001 <0.001 <0.001 0.27 <0.001 <0.001 0.04 <0.0001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 
Eight Mile Creek 27/05/2014 9:30 0.9 <0.001 <0.001 <0.001 <0.001 0.098 <0.0001 0.001 <0.001 <0.001 <0.001 0.96 <0.001 <0.001 0.017 <0.0001 <0.001 0.001 <0.001 <0.001 no data <0.001 <0.001 0.002 <0.001 
Eight Mile Creek 24/06/2014 10:30 0.23 0.001 <0.001 <0.001 <0.001 0.05 <0.0001 <0.001 <0.001 <0.001 <0.001 0.28 <0.001 <0.001 0.001 <0.0001 <0.001 <0.001 0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 
Ningbing Road 
seep 
8/09/2012 12:00 0.082 <0.0001 <0.001 <0.0001 <0.0001 0.08 <0.0001 <0.001 <0.005 <0.002 <0.0001 0.068 <0.005 <0.0001 0.005 <0.0001 <0.001 <0.001 <0.001 <0.0001 <0.02 <0.02 0.0003 <0.005 0.005 
Ningbing Road 
seep 
22/05/2013 
12:00 
0.054 <0.0001 0.001 <0.0001 <0.0001 0.12 <0.0001 <0.001 <0.005 0.0018 <0.0001 0.038 <0.005 0.0008 0.006 <0.0001 <0.001 0.002 <0.001 0.0002 <0.0001 <0.02 0.0005 <0.005 0.03 
Ningbing Road 
seep 
26/06/2013 
12:00 
0.019 <0.0001 <0.001 <0.0001 <0.0001 0.06 <0.0001 <0.001 <0.005 0.0025 <0.0001 0.021 <0.005 0.0002 0.021 <0.0001 <0.001 <0.001 <0.001 0.0004 <0.0001 <0.02 0.0004 <0.005 0.11 
Ningbing Road 
seep 
16/11/2013 
12:00 
0.016 0.0001 0.002 <0.0001 <0.0001 0.13 <0.0001 <0.0005 0.0001 0.0021 <0.0001 0.029 0.0001 0.0003 0.42 <0.00005 <0.001 <0.001 <0.001 <0.0001 <0.0001 <0.0001 0.0003 0.0022 0.025 
Ningbing Road 
seep 
9/04/2014 12:00 0.031 <0.0001 <0.001 <0.0001 <0.0001 no data <0.0001 <0.001 0.0001 0.0009 <0.0001 0.04 <0.005 0.0001 0.004 <0.00005 <0.001 <0.001 <0.001 <0.0001 no data no data 0.0002 0.0015 0.027 
Ningbing Road 
seep 
24/07/2014 
12:00 
0.1 <0.0001 <0.001 <0.0001 <0.0001 0.05 <0.0001 <0.0005 <0.0001 0.001 <0.0001 0.06 no data 0.0003 <0.001 <0.00005 <0.001 <0.001 <0.001 <0.0001 no data no data 0.0004 0.0037 <0.005 
 
  
 
 Table E3 Other general chemistry and nutrient data obtained from the Emu Creek, Eight Mile Creek and Ningbing Road spring sites. All units are mg/L, unless otherwise stated 
Site Time Acidity Alk. Chlor. b Chlor. c Pheoph. a CO3 DOC Hard. HCO3 
Ion bal. 
(%) NO2 N NO3 N SON TON TSN OH SOP TOP TSP TRP TPP SO4 
TDS 
180 
TDS 
sum 
Emu Creek (flow) 26/11/2010 12:00 no data no data no data no data no data no data no data no data no data no data <0.01 <0.01 <0.96 <1.10 0.96 no data 0.01 0.01 0.02 0.02 0.01 0.8 no data 180 
Emu Creek (flow) 17/01/2011 12:00 no data no data no data no data no data no data 12 no data no data no data <0.01 <0.01 <0.53 <0.65 0.52 no data <0.01 <0.01 <0.01 <0.01 <0.01 4.1 no data 200 
Emu Creek (flow) 15/02/2011 12:00 no data no data no data no data no data no data 6.4 no data no data no data <0.01 <0.01 <0.27 <0.40 0.28 no data <0.01 <0.01 <0.01 <0.01 <0.01 1.8 no data 67 
Emu Creek (flow) 16/02/2011 12:00 no data no data no data no data no data no data  no data no data no data <0.01 <0.01 <0.44 <0.54 0.46 no data 0.01 0.02 0.03 0.02 0.01 17 no data 13 
Emu Creek (flow) 22/02/2011 12:00 no data no data no data no data no data no data 7.2 no data no data no data <0.01 <0.01 <0.34 <0.44 0.34 no data <0.01 <0.01 <0.01 <0.01 <0.01 1.1 no data 78 
Emu Creek (flow) 19/05/2011 12:00 no data no data no data no data no data no data no data no data no data no data <0.01 <0.01 <0.14 <0.04 0.14 no data <0.01 0.01 0.01 0.01 0.01 11.4 no data 140 
Emu Creek (flow) 20/11/2011 12:00 4 37 no data no data no data <1 9.1 23 46 -4 <0.01 <0.01 <0.53 <0.58 0.58 no data 0.03 0.03 0.04 0.02 0.01 3.7 no data 120 
Emu Creek (flow) 9/03/2012 13:10 5 31 no data no data no data <1 9.2 27 38 no data 0.01 <0.01 <0.40 <0.47 0.42 no data <0.01 <0.03 <0.01 <0.01 <0.03 5.1 NSS 80 
Emu Creek (flow) 2/04/2012 16:40 8 45 no data no data no data <1 9.4 48 72 no data <0.01 <0.04 <0.79 <0.90 0.81 no data <0.01 <0.01 <0.01 0.01 <0.01 15.6 NSS 210 
Emu Creek (flow) 9/04/2013 12:00 5 50 no data no data no data <1 8.1 60 61 2 <0.01 <0.01 0.48 1.1 0.55 <1 <0.01 <0.05 <0.01 <0.01 <0.05 30.6 260 250 
Emu Creek (flow) 25/07/2014 12:00 6 65 no data no data no data <1 4.5 30 79 -4 0.01 no data <0.29 no data 0.29 <1 <0.02 <0.03 0.02 <0.01 0.01 4.7 NSS 100 
Emu Creek (flow) 31/05/2012 11:11 6 99 no data no data no data no data 7 48 no data no data <0.01 <0.01 0.37 0.43 0.4 no data <0.005 0.012 <0.005 no data no data no data 260 no data 
Emu Creek (flow) 27/06/2012 0:00 6 110 <0.001 0.001 0.001 no data 6 55 no data no data <0.01 <0.01 0.4 0.47 0.4 no data <0.005 0.012 <0.005 no data no data no data 250 no data 
Emu Creek (flow) 12/11/2012 8:45 4 81 0.003 0.003 0.008 no data 17 29 no data no data 0.017 0.012 1 1 1.1 no data 0.047 0.11 0.13 no data no data no data 220 no data 
Emu Creek (flow) 12/12/2012 10:30 11 130 0.002 0.001 0.006 no data 14 54 no data no data <0.01 <0.01 1 1.4 1 no data 0.027 0.069 0.032 no data no data no data 240 no data 
Emu Creek (flow) 9/01/2013 9:45 9 65 0.001 0.002 0.004 no data 11 33 no data no data <0.01 <0.01 0.92 1.2 0.99 no data 0.011 0.044 0.028 no data no data no data 190 no data 
Emu Creek (flow) 6/02/2013 8:58 6 62 0.009 0.004 0.006 no data 8 31 no data no data <0.01 0.028 0.46 0.61 0.5 no data 0.011 0.037 0.016 no data no data <2 170 no data 
Emu Creek (flow) 6/03/2013 11:30 5 59 0.001 <0.001 0.002 no data 9 46 no data no data <0.01 <0.01 0.54 0.65 0.56 no data <0.005 <0.005 <0.005 no data no data 4 230 no data 
Emu Creek (flow) 3/04/2013 11:15 4 43 <0.001 <0.001 0.002 no data 11 50 no data no data <0.01 <0.01 0.56 0.61 0.58 no data 0.006 0.017 0.014 no data no data 10 320 no data 
Emu Creek (flow) 4/02/2014 11:35 5 54 0.003 0.003 0.005 no data 13 80 no data no data <0.01 <0.01 0.68 0.73 0.69 no data 0.008 0.019 0.008 no data no data 17 360 no data 
Emu Creek (flow) 10/02/2014 9:30 6 28 <0.001 <0.001 <0.001 no data 6 17 no data no data <0.01 <0.01 0.2 0.29 0.21 no data <0.005 0.016 <0.005 no data no data no data 30 no data 
Emu Creek (flow) 4/03/2014 10:20 4 48 <0.001 <0.001 0.001 no data 8 53 no data no data <0.01 <0.01 0.48 0.52 0.52 no data 0.011 0.021 0.011 no data no data no data 170 no data 
Emu Creek (flow) 1/04/2014 11:15 2 69 0.002 0.002 0.005 no data 6 61 no data no data <0.01 <0.01 0.4 0.44 0.4 no data 0.006 0.02 0.006 no data no data no data 210 no data 
Emu Creek (flow) 29/04/2014 11:36 3 48 0.002 <0.001 0.002 no data 6 39 no data no data <0.01 <0.01 0.38 0.46 0.39 no data <0.005 <0.005 <0.005 no data no data 3 120 no data 
Emu Creek (flow) 27/05/2014 10:00 4 63 0.002 0.002 0.002 no data 6 42 no data no data <0.01 <0.01 0.36 0.4 0.36 no data <0.005 0.015 0.006 no data no data no data 120 no data 
Emu Creek (flow) 24/06/2014 10:00 4 64 0.002 0.003 0.004 no data 5 30 no data no data <0.01 <0.01 0.33 0.44 0.34 no data 0.008 0.023 0.012 no data no data <2 110 no data 
Emu Creek (no flow) 9/09/2011 12:00 no data no data no data no data no data no data 2.1  no data no data <0.01 <0.01 <0.10 <0.19 0.11 no data <0.01 <0.01 <0.01 <0.01 <0.01 0.6 no data 64 
Emu Creek (no flow) 10/09/2011 12:00 no data no data no data no data no data no data 4.3  no data no data <0.01 <0.01 <1.08 <1.18 1.1 no data <0.01 <0.01 0.01 <0.01 <0.01 3.2 no data 120 
Emu Creek (no flow) 25/07/2012 11:00 6 140 <0.001 0.001 0.005 no data 7 55 no data no data <0.01 <0.01 0.32 0.42 0.35 no data <0.005 0.015 0.005 no data no data no data 250 no data 
Emu Creek (no flow) 22/08/2012 9:05 3 160 <0.001 <0.001 <0.001 no data 5 66 no data no data <0.01 <0.01 0.5 0.59 0.56 no data <0.005 0.027 0.006 no data no data no data 270 no data 
Emu Creek (no flow) 20/09/2012 10:50 1 200 0.001 <0.001 0.002 no data 7 73 no data no data <0.01 <0.01 0.54 0.62 0.56 no data <0.005 0.016 <0.005 no data no data no data 310 no data 
Emu Creek (no flow) 17/10/2012 8:50 12 160 0.002 0.001 0.006 no data 17 66 no data no data <0.01 <0.01 0.82 1 0.83 no data 0.013 0.068 0.031 no data no data no data 310 no data 
Emu Creek (no flow) 1/05/2013 13:10 <1 84 0.005 <0.001 0.008 no data 7 60 no data no data <0.01 <0.01 0.48 0.79 0.48 no data <0.005 0.039 0.014 no data no data 6 280 no data 
Emu Creek (no flow) 29/05/2013 10:10 no data no data no data no data no data no data no data no data no data no data no data no data no data no data no data no data no data no data no data no data no data no data no data no data 
Emu Creek (no flow) 27/06/2013 10:05 12 150 0.032 0.013 0.057 no data 8 73 no data no data <0.01 <0.01 0.49 1.8 0.63 no data <0.005 0.15 0.015 no data no data <2 350 no data 
Emu Creek (no flow) 24/07/2013 11:20 10 160 0.003 0.001 0.013 no data 8 74 no data no data <0.01 <0.01 0.66 1.5 0.74 no data 0.005 0.12 0.01 no data no data <2 340 no data 
Emu Creek (no flow) 21/08/2013 11:00 5 200 0.018 0.005 0.035 no data 10 83 no data no data <0.01 <0.01 0.6 1.5 0.82 no data <0.005 0.17 0.009 no data no data no data 370 no data 
 
 Site Time Acidity Alk. Chlor. b Chlor. c Pheoph. a CO3 DOC Hard. HCO3 
Ion bal. 
(%) NO2 N NO3 N SON TON TSN OH SOP TOP TSP TRP TPP SO4 
TDS 
180 
TDS 
sum 
Emu Creek (no flow) 18/09/2013 9:55 5 210 <0.001 <0.001 0.006  11 80   <0.01 <0.01 0.95 2.3 0.97  0.018 0.2 0.018    410  
Emu Creek (no flow) 16/10/2013 10:25 <1 190 <0.001 <0.001 0.023  19 13   <0.01 0.011 1.4 1.6 1.5  0.024 0.066 0.032    460  
Emu Creek (no flow) 13/11/2013 12:20 1 260 0.004 <0.001 0.004  19 110   <0.01 <0.01 1.6 2 1.7  0.014 0.06 0.048   <2 520  
Emu Creek (no flow) 10/12/2013 0:00 7 210 0.004 <0.001 0.023  19 54   <0.01 <0.01 1.6 3.9 1.7  0.028 0.33 0.051   6 420  
Emu Creek (no flow) 7/01/2014 10:45 12 96 0.001 <0.001 0.002  19 55   <0.01 0.011 1.2 1.3 1.2  0.017 0.054 0.036   2 270  
Eight Mile Creek 21/06/2012 16:15 5 52    <1 3.7 40 63  <0.01 <0.01 <0.36 <0.40 0.36  <0.03 0.02 0.03 0.01 <0.01  160  
Eight Mile Creek 25/07/2012 12:00 2 58 <0.001 <0.001 0.004  6 42   <0.01 0.012 0.36 0.43 0.41  0.022 0.037 0.029    180  
Eight Mile Creek 6/02/2013 8:25 2 36 0.001 <0.001 0.003  6 29   <0.01 0.028 0.28 0.36 0.31  <0.005 0.024 0.006   <2 80  
Eight Mile Creek 6/03/2013 11:00 2 34 <0.001 <0.001 0.002  6 29   <0.01 <0.01 0.29 0.33 0.3  <0.005 <0.005 <0.005   <2 70  
Eight Mile Creek 9/04/2013 12:00 4 25    <1 3.1 16 31 -8 0.01 <0.01 <0.20 0.37 0.2 <1 <0.01 <0.01 <0.01 <0.01 <0.01 1.3 34 37 
Eight Mile Creek 1/05/2013 13:30 <1 44 <0.001 0.001 0.004  5 39   <0.01 <0.01 0.33 0.5 0.34  0.007 0.024 0.015   2 100  
Eight Mile Creek 7/01/2014 8:45 6 42 <0.001 0.001 <0.001  7 41   <0.01 <0.01 0.44 0.5 0.45  0.006 0.018 0.007   2 110  
Eight Mile Creek 4/02/2014 11:11 5 23 0.002 0.002 0.002  6 17   <0.01 <0.01 0.31 0.33 0.31  <0.005 0.006 <0.005   <2 60  
Eight Mile Creek 4/03/2014 10:05 3 69 <0.001 <0.001 <0.001  3 76   <0.01 <0.01 <0.025 0.084 <0.025  <0.005 0.012 <0.005    150  
Eight Mile Creek 1/04/2014 10:50 2 110 <0.001 <0.001 0.002  3 140   <0.01 <0.01 0.16 0.16 0.16  <0.005 0.007 <0.005    220  
Eight Mile Creek 29/04/2014 11:02 2 110 <0.001 0.001 0.002  3 160   <0.01 <0.01 0.19 0.22 0.2  <0.005 <0.005 <0.005   5 250  
Eight Mile Creek 27/05/2014 9:30 3 93 <0.001 <0.001 0.004  5 120   <0.01 <0.01 0.19 0.32 0.23  <0.005 0.021 0.009    210  
Eight Mile Creek 24/06/2014 10:30 <1 78 <0.001 0.005 0.01  5 98   <0.01 <0.01 0.31 0.82 0.32  0.008 0.1 0.02   2 200  
Ningbing Road seep 8/09/2012 12:00 3 315    <1  280 384  <0.01 <0.01  <0.28  <1      9.6  330 
Ningbing Road seep 22/05/2013 12:00 <2 330    <1 5.6 320 403 1 <0.01 <0.01 <0.40 0.83 0.4 <1 <0.01 <0.02 <0.01 <0.01 <0.02 12.5 380 370 
Ningbing Road seep 26/06/2013 12:00 5 335    <1  310 408 -2 <0.01 <0.01 <0.13 0.18 0.13 <1      10.8 340 350 
Ningbing Road seep 16/11/2013 12:00 8 323    <1 5.6 310 393 0 <0.01 <0.01 <0.78 1.3 1.3 <1 0.01 0.06 0.02 0.01 0.05 4.7 370 380 
Ningbing Road seep 9/04/2014 12:00 NSS 277    <1 6.3 260 338  <0.01 <0.01 <0.32 <0.48 0.32 <1 <0.02 <0.03 0.02 <0.01 0.01 9 NSS 300 
Ningbing Road seep 24/07/2014 12:00 2 305    <1 4 290 372 -2 <0.01  0.29  0.31 <1 <0.01 <0.03 0.01 <0.01 0.02 9.6 NSS 320 
NSS Insufficient sample to undertake analysis. 
 
 
 Table E4 Other elements plus farm chemical data obtained from the Emu Creek, Eight Mile Creek and Ningbing Road spring sites 
Site Time Ba Br Ca Cl F K Li Mg Na Si Ti Atra. Hexa. Metri. Prom. Sima. 
Emu Creek (flow) 26/11/2010 12:00    87     53        
Emu Creek (flow) 17/01/2011 12:00    78     47.9        
Emu Creek (flow) 15/02/2011 12:00    23     12.2        
Emu Creek (flow) 16/02/2011 12:00    2     18        
Emu Creek (flow) 22/02/2011 12:00    35     10.9        
Emu Creek (flow) 19/05/2011 12:00    47     33.6        
Emu Creek (flow) 20/11/2011 12:00 0.026  3.3 27 0.17 9.7 0.0032 3.6 18 10 0.0031      
Emu Creek (flow) 9/03/2012 13:10 0.12  5 23 <0.05 4.7 0.0007 3.5 17.9 9.2 0.027      
Emu Creek (flow) 2/04/2012 16:40 0.065  7.5 75 0.11 9 0.0017 7.1 51.8 10 <0.002      
Emu Creek (flow) 9/04/2013 12:00 0.17 0.1 9.5 90 0.09 8.8 <0.005 8.8 69.1 8.1 0.005      
Emu Creek (flow) 25/07/2014 12:00 0.036  4.9 18 0.31 10.9 0.0019 4.4 21.2 7.7       
Emu Creek (flow) 31/05/2012 11:11 0.051  6.7 90 0.36 17 0.0024 8.9 71 4.4 <0.001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 
Emu Creek (flow) 27/06/2012 0:00 0.053  6.5 80 0.65 22 0.0023 8.3 53 3 <0.005 <0.0001     
Emu Creek (flow) 12/11/2012 8:45 0.062  6.5 20 0.37 30 0.0045 4.6 31 10 0.092 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 
Emu Creek (flow) 12/12/2012 10:30 0.09  10 30 0.61 41 0.0023 8.2 40 8.8 <0.005 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 
Emu Creek (flow) 9/01/2013 9:45 0.057  6.2 40 0.22 14 0.0031 6.1 39 9.5 0.0081 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 
Emu Creek (flow) 6/02/2013 8:58 0.05  6.8 40 0.3 13 0.002 6.4 45 5.3 0.006 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 
Emu Creek (flow) 6/03/2013 11:30 0.088  7.2 80 <0.2 11 0.003 7.3 63 9.5 <0.005 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 
Emu Creek (flow) 3/04/2013 11:15 0.062  4.5 110 0.25 9.2 0.004 5.7 62 13 0.048 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 
Emu Creek (flow) 4/02/2014 11:35 0.1  27 120 <0.2 8.4 0.002 12 82 13 0.031 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 
Emu Creek (flow) 10/02/2014 9:30 0.019  5 <10 <0.2 2.9 <0.001 1.8 2.2 5.7 0.025 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 
Emu Creek (flow) 4/03/2014 10:20 0.055  11 30 <0.2 5.5 <0.001 6.3 31 11 0.021 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 
Emu Creek (flow) 1/04/2014 11:15 0.066  12 60 <0.2 8.6 0.002 7.4 57 6.6 <0.005 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 
Emu Creek (flow) 29/04/2014 11:36 0.049  5.4 30 <0.2 7.9 0.001 4.4 31 3.6 0.01 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 
Emu Creek (flow) 27/05/2014 10:00 0.035  3.6 30 <0.2 9.3 0.001 3.1 22 5.8 0.015 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 
Emu Creek (flow) 24/06/2014 10:00 0.036  5.1 20 0.22 12 0.002 4.1 23 6.6 0.011 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 
Emu Creek (no flow) 9/09/2011 12:00    8     6.4        
Emu Creek (no flow) 10/09/2011 12:00    22     24.3        
Emu Creek (no flow) 25/07/2012 11:00 0.061  8.6 50 0.54 30 0.0029 10 58 3.6 <0.005 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 
Emu Creek (no flow) 22/08/2012 9:05 0.064  9 50 0.69 35 0.0029 11 54 1.3 <0.005 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 
Emu Creek (no flow) 20/09/2012 10:50 0.071  9 50 0.87 46 0.0044 12 67 0.92 <0.005 <0.0001     
 
 Site Time Ba Br Ca Cl F K Li Mg Na Si Ti Atra. Hexa. Metri. Prom. Sima. 
Emu Creek (no flow) 17/10/2012 8:50 0.099  12 50 0.54 45 0.0031 9.7 50 9.9 0.005 <0.0001     
Emu Creek (no flow) 1/05/2013 13:10    100 0.29  0.002  72 6.9 <0.005 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 
Emu Creek (no flow) 29/05/2013 10:10 0.092  11   31 0.003 11 78 7.5 <0.005 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 
Emu Creek (no flow) 27/06/2013 10:05 0.1  12 90 0.47 36 0.003 12 81 8.3 <0.005 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 
Emu Creek (no flow) 24/07/2013 11:20 0.09  11 90 0.56 58 0.0031 12 83 7.1 <0.005 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 
Emu Creek (no flow) 21/08/2013 11:00 0.12  13 100 0.69 49 0.0035 14 82 5.3 <0.005 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 
Emu Creek (no flow) 18/09/2013 9:55 0.1  12 80 0.78 41 0.0039 13 81 6.5 <0.005 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 
Emu Creek (no flow) 16/10/2013 10:25 0.14  18 90 0.77 55 0.0038 16 91 9.3 <0.005 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 
Emu Creek (no flow) 13/11/2013 12:20 0.17  16 100 0.73 92 0.004 15 100 10 0.005 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 
Emu Creek (no flow) 10/12/2013 0:00 0.2  17 69 0.76 57 0.003 12 80 12 <0.005 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 
Emu Creek (no flow) 7/01/2014 10:45 0.11  8.8 50 0.31 26 0.004 7.6 46 16 0.042 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 
Eight Mile Creek 21/06/2012 16:15   7.5 21 0.06   5.1         
Eight Mile Creek 25/07/2012 12:00 0.18  9.9 20 <0.2 3.5 0.0012 6.4 18 25 0.1 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 
Eight Mile Creek 6/02/2013 8:25 0.15  5.3 <10 <0.2 1.8 0.001 4.9 12 11 0.04 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 
Eight Mile Creek 6/03/2013 11:00 0.15  4.8 <10 <0.2 1.5 0.001 4 9.7 11 0.034 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 
Eight Mile Creek 9/04/2013 12:00 0.17 <0.1 1.8 6 <0.05 1.2 <0.005 2.7 7 6.8 <0.002      
Eight Mile Creek 1/05/2013 13:30    10 <0.2  0.002  12 11 0.02 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 
Eight Mile Creek 7/01/2014 8:45 0.27  6.9 10 <0.2 3.7 0.001 5.4 10 11 0.023 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 
Eight Mile Creek 4/02/2014 11:11 0.33  5.6 <10 <0.2 2.7 <0.001 2.6 5.3 9.5 0.031 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 
Eight Mile Creek 4/03/2014 10:05 0.46  16 20 <0.2 2.4 <0.001 8.8 9.9 10 0.01 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 
Eight Mile Creek 1/04/2014 10:50 0.68  27 40 <0.2 3.7 0.001 21 26 15 <0.005 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 
Eight Mile Creek 29/04/2014 11:02 0.54  23 50 <0.2 3.5 <0.001 19 29 13 <0.005 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 
Eight Mile Creek 27/05/2014 9:30 0.33  11 40 <0.2 2.9 <0.001 8.8 20 17 0.025 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 
Eight Mile Creek 24/06/2014 10:30 0.27  18 50 <0.2 3.4 <0.001 13 32 12 0.006 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 
Ningbing Road seep 8/09/2012 12:00 0.3  53.1 19 0.47 8.1 <0.005 35 15.1 13 0.003      
Ningbing Road seep 22/05/2013 12:00 0.43 0.2 61.5 24 0.34 8.2 <0.005 39.8 26.6 19 <0.002      
Ningbing Road seep 26/06/2013 12:00 0.34 0.07 59.8 17 0.45 8.3 <0.005 38.8 16.1 14 <0.002      
Ningbing Road seep 16/11/2013 12:00 0.44  52.7 42 0.53 22.2 0.0051 42.2 24.5 17 0.0012      
Ningbing Road seep 9/04/2014 12:00 0.35  48.5 18 0.39 6.3 <0.005 <0.005 19.6 15       
Ningbing Road seep 24/07/2014 12:00 0.31  50.9 18 0.38 8.1 0.003 39 14.7 8.8       
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Appendix F Keep River and Border Creek discharge rates 
 
Figure F1 Rainfall and discharge rate of the Keep River at G8100225. Data source: 
Northern Territory Department of Land Resource Management 
 
Figure F2 Rainfall and discharge rate of Border Creek at G8100106. Data source: 
Northern Territory Department of Land Resource Management 
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Appendix G Ratio of baseline data to AADTVTLR for Emu 
Creek culvert pool 
Table G1 Ratio of the 80th percentile to the upper AADTVTLR for the Emu Creek 
culvert pool in no flow conditions 
Parameter Ratio 
Stressors  
Temp. (°C) ID 
pH 1.0 
EC (mS/m) 3.1 
Turbidity (NTU) 1.9 
TSS (mg/L) 2.8 
DO (%) 3.2 
Chlor. a  11.4 
TN  6.4 
NOx/NO3 N 0.5 
NH3 N 6.5 
TP 17.2 
SRP 4.6* 
Toxicants  
Al 1.2 
Sb  ID 
As  1.9 
Be  ID 
Bi  ID 
B  2.8 
Cd 0.4 
Cr  26* 
Co  ID 
Cu  0.2 
Ga ID 
Fe  ID 
La  ID 
Pb  0.2 
Mn  0.1 
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Parameter Ratio 
Hg  0.8 
Mo  ID 
Ni  0.0 
Se  0.2 
Ag 25* 
Ti ID 
Sn  ID 
U  ID 
V ID 
Zn  2.8 
* LOR exceeds the AADTVTLR.  
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Shortened forms 
Shortened form Full name 
AADTVTLR ANZECC and ARMCANZ (2000) default trigger values for tropical 
lowland rivers 
COV coefficient of variance 
DO dissolved oxygen 
DoW Department of Water, Western Australia 
EC electrical conductivity 
LOR limit of reporting 
mAHD metres Australian Height Datum 
mm/d millimetres per day 
ORIA Ord River Irrigation Area 
REDWO Regional Economic Development Water Opportunities 
SON soluble organic nitrogen 
SPL species protection level 
SRP soluble reactive phosphorus 
TN total nitrogen 
TON total organic nitrogen 
TOP total organic phosphorus 
TP total phosphorus 
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